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TEMPERATURE SURVEY OF KITTITAS COUNTY, WASH. 


By Fiorp D. Youne and Frep A. BauGHMAN 
[Weather Bureau, Pomona, Calif., February 1936] 


The history of fruit growing in western United States is 
replete with examples of the planting of orchards in 
wrong locations. Poor soil, insufficient rainfall or irri 
tion water, excessive wind, r drainage, and similar 
factors all have had their part in necessitating the eventual 
abandonment of thousands of acres of fruit trees, with a 
resulting loss of millions of dollars invested; but probably 
the greatest loss has been caused 7 the planting of 
orchards in areas of excessive frost hazard. Although 
the existence of so-called thermal belts on hillsides has 
been recognized since at least before the middle of the 
last century, and the mechanical aspects of air drai 


have long since been accurately analyzed, the frost hazard 
has unti _ ——. been almost completely ignored in 
planting orchards. Orchards planted in frost pockets 


usually Jead to the bankruptcy of a long succession of 
owners before they are finally abandoned. 

Temperature surveys have been conducted in old- 
established fruit-growing districts on the Pacific Coast 
for many years in connection with the Weather Bureau’s 
Fruit-Frost Service, but the application of the information 
obtained has been limited to delineating areas in which 
artificial frost protection is needed, or to demonstrating 
the advisability of abandoning individual orchards in 
which the frost hazard is hopelessly great. 

Irrigation development of the Yakima River Valley in 
Kittitas County, Wash., began in 1888, with the con- 
struction of the ‘Town Ditch’’, which furnished water 
for land on the valley floor north of the river. The 
West Side Canal, constructed in 1891, and the Cascade 
Canal, constructed in 1904, increased the total irrigated 
area to approximately 26,000 acres, and brought water 
to practically all of the good land at lower levels in the 
district. Scattered orchards were planted throughout 
most of the valley in the early days, but at present only 
a small acreage immediately below the old Cascade Canal 
on the southern edge of the valley remains. Excessive 
— hazard has caused the removal or abandonment of 

rest. 

When the United States Reclamation Service began to 
plan an extensive new irrigation system to bring water to 
72,000 acres of hillsides and benches high above the valley 
floor, at a cost of $9,000,000, practically doubling the area 
under irrigation, it was decided to take all possible steps 
to insure the success of the individual farmer in taking up 
land under the new project. Messrs. Strahorn and Kocher 
of the United States Department of ps cto made a 
very accurate and detailed soil survey of all the land, mak- 


ing use of extensive borings and test pits to determine 
the different classes of land and the soil types; and the 
Weather Bureau was requested to conduct a 5-year tem- 
perature survey. Kittitas County cooperated in the tem- 
perature survey work, purchasing the instrument shelters 
and carrying a portion of the annual expense. 


DESCRIPTION OF THE DISTRICT 


Kittitas located near the center 
of the State of Washington. The irrigated area, lying 
along the Yakima River on the eastern slope of the Cas. 
cade Mountains, is a basin about 25 miles long and 11 
miles wide, extending in a northwest-southeast direction. 
It is surrounded by hills that are from 3,000 to 4,000 feet 
in elevation. The Yakima River leaves the basin through 
a deep and narrow canyon about 10 miles south of Ellens- 
burg. Most of the soil in the irrigated area is of dee 
volcanic ash, but there are large areas of stony land, wit 
soil too shallow for orchards. The valley floor, watered 
ar: Se old irrigation systems, is given over at present 

ost entirely to dairying and the growing of grain and 
forage crops, Irrigation water comes from the Cascade 
Mountains and is stored in three large artificial lakes near 
the headwaters of the Yakima River, constructed at a 
cost of an additional $2,000,000. The valley naturally is 
semidesert, the annual rainfall at Ellensburg averaging 
about 9 inches. 

The land under the new Reclamation Service project, 
on which the temperature survey was conducted, all lies 
on moderate to steep slopes or benches some distance 
above the valley floor. At the time the temperature sur- 
vey was begun in 1931 the area had never been cultivated, 
and was covered with a heavy growth of sagebrush. 
Roads were few and poor, and some difficulty was ex- 
perienced in devising means to reach the various survey 
stations to make the temperature readings. During the 
5-year period, however, most of the land was sold or home- 
stead sagebrush was cleared, the land cultivated, and 
good main roads were constructed. During the last two 
seasons of the survey a large portion of the land was 
planted to grain, alfalfa, peas, and other crops. 


HOW THE SURVEY WAS MADE 


The area to be reclaimed by the new irrigation project 
was too large to be covered adequately by the few tem- 
perature stations for which equipment was available, and 
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after a conference with Reclamation Service officials all 
but the areas having the best soil conditions were elim- 
inated. As the survey progressed, stations at which it 
became evident that temperature conditions were unsuit- 
able for the growth of anything but the hardier crops 
were elimineted, and the instrumental equipment moved 
to new locations which it previously had not been possible 
to cover adequately. Twenty-nine temperature stations 
were kept in operation throughout the period from about 
March 20 to May 20, during the five spring seasons from 
1931 to 1935 inclusive, each equipped with a standard 
fruit-region instrument shelter, minimum thermometer 
and thermograph. The minimum thermometer was 
a, 4% feet above the ground at all stations. 
tation locations were selected with great care, keeping 
in mind areas already known to be marginal due to exces- 
sive frost hazard. Topographically similar areas, such 
as are to be found on the north side of the district, required 
relatively few stations, while topographically irregular 
areas, such as the Edgemont and mm Pocket sections, 
with good soil, were allotted a greater number of stations 
er unit of area. Since little of the surveyed area was 
enced, it was necessary to protect the instrument shelters 


definite classification of different areas with regard to 
their suitability for apple growing (see tables 1 and 2). 

Throughout the period of the survey, complete daily 
observations of current temperature, wind direction and 
velocity (estimated), amount, type, and direction of 
clouds, maximum and minimum temperature, dewpoint, 
and relative humidity, were made at station 1 daily at 
4:40 p. m., Pacific time, the regular time of making even- 
ing observations at all Weather Bureau stations in the 
country. In addition to their climatological value, these 
records will be invaluable in case a minimum-temperature 
forecasting service for the district is undertaken at any 
future time. 

The locations of all the temperature survey stations 
in the district, as well as the Ellensburg cooperative 
station, are shown in figure 1. As detailed a description 
= — various locations as it is possible to make is given 

ow. 


DESCRIPTION OF TEMPERATURE SURVEY STATIONS, KITTITAS 
COUNTY, WASH., 1931-35 


Station 1: Alva Bull Lone Star Ranch, 1% miles east, % mile 
south of Ellensburg. Shelter in small home orchard 40 feet north- 


FIGURE 


from injury by stock by building barbed wire inclosures. 
A trip of 140 miles was required to visit all the stations. 

With very few exceptions, caused by emergencies, 
minimum thermometers at all the survey stations were 
read on each day following the occurrence of a tempera- 
ture of 32°, or lower, at any station. Thermograph 
records were checked for both time and temperature at 
each readi On the few dates when it was not possible 
to visit all the survey stations, the minimum temperatures 
were taken from the thermograph records. 

One station, number 1, was established in an aban- 
doned apple orchard on the valley floor as a check on 
temperature conditions definitely known to be unsatis- 
factory for fruit production. Station number 3 was 
located in another apple orchard on a slight slope a few 
feet higher than the valley floor in the southwestern 
part of the district, which had not been abandoned but 
which production records showed to be submarginal owi 
to excessive frost hazard. Station number 2 was eer. 
in an apple orchard higher on the slope, with better air 
drainage, which records showed to have been consistently 
profitable. A comparison of temperature records ob- 
tained at other survey stations on the project with those 
obtained at stations 1, 2, and 3, should make possible a 


west of tenant house. Slight northeast to southwest slope. Soil 
good. Elevation 1,545 feet. 

Station 2: A. J. Seible commercial orchard, Edgemont-Thrall 
district. The shelter in southwest portion of orchard 500 feet south- 
southwest of Seible residence. oderate southwest to northeast 
slope. Soil excellent. Elevation 1,628feet. (This station, located 
in what is known to be a profitable orchard, was established to furnish 
a comparison with other prospective orchard land in the district.) 

Station 3: Shelter located 200 yards south-southeast of Eugene 
Wilson residence, Thrall, in commercial orchard 100 feet west of 
northeast corner of northwest quarter of northwest quarter 
sec. 33, T.17 N., R. 19 E. Slight north to south slope on bottom 
of considerable draw. This station established to furnish basis 
for comparison of other localities in the district with one where 
yr gery are thought to be marginal. Soil very good. Elevation 

eet. 

Station 4: Edgemont-Thrall 80 feet west and 220 feet south of 
the northeast corner of the northwest quarter of the southwest 
quarter of sec. 32, T. 17 N., R. 19 E. Steep south-southwest to 
north-northeast slope, soil excellent. Elevation 1,775 feet. 

Station 5: Edgemont-Thrall, 500 feet east, 350 feet south of 
southwest corner of sec. 33, T. 17 N., R. 19 E. Steep south to 
north slope, soil excellent. Elevation 1,828 feet. 

Station 6: Edgemont-Thrall, 50 feet south of county road, 200 
feet east of Alva Bull farmhouse, northeast quarter of northwest 
quarter of sec. 32, T. 17 N., R. 19 E. Slight south to north slope, 
soil excellent. Elevation 1,493 feet. 

Station 7: Edgemont, 200 feet west, 200 feet south of center of 
sec. 3, T. 16 N., R. 19 E. Soil excellent, moderate south to north 
slope. Elevation 1,973 feet. 
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Station 8: Edgemont, station 400 feet east and 150 feet north 
of southwest corner of sec. 35, T. 17 N., R. 19 E. Soil excellent, 
steep west-southwest to east-northeast slope. Elevation 1,818 


Mejation 9: Station located 75 feet east of Lawrence Gehlen farm- 
house or 100 feet southeast of southeast corner of sec. 35, T. 17 
N., R. 19 E. Gentle slope from south-southwest to north-northeast 
with good soil. Elevation 1,741 feet. 

Station 10: Edgemont, 200 feet east, 100 feet south of northwest 
corner of sec. 1, T. 16 N., R. 19 E. Gentle southwest to northeast 
slope. Soil excellent. Elevation 1,694 feet. 

Station 11: Edgemont-Badger Pocket, 500 feet east, 500 feet 
south of northwest corner of sec. 7, T. 16 N., R. 20 E. Soil very 

, moderate south-southwest to north-northeast slope. Ele- 
yation 1,903 feet. 

Station 12: Badger Pocket, 800 feet east, 500 feet south of 
northwest corner of sec. 22, T. 16 N., R. 20 E. Soil good, gentle 
jocal slope from southwest to northeast. Elevation 2,013 feet. 

Station 13: Badger Pocket, 1,000 feet west, 150 feet south of 
center of sec. 10, T. 16 N., R. 20 E. Soil fair, gentle and extensive 
east to west slope. Elevation 2,035 feet. 

Station 14: Badger Pocket, 400 feet north of southwest corner of 
sec. 33, T. 16 N., 20 E. Soil good, local moderate east to west 
slope. Elevation 1,851 feet. 

Station 15: Johnson Creek Canyon, 2,000 feet northeast of Mil- 
waukee Railroad trestle, about 5 miles east-southeast of Kittitas. 
Soil very good, station located on bottom of small draw with slight 
east to west —. Elevation 2,000 feet. 

Station 16: Snodgrass farm, 1 mile east and 2% miles north of 
Kittitas. Shelter situated 50 feet southeast of house. Soil fair 
with extensive gentle northeast to southwest slope. Elevation 
1,880 feet. 

Station 17: Barre farm, 4 miles North of North Central Highwa 
and 3% miles east of Ellensburg. Station in very small old orcha 
100 feet southwest of house. Soil fair, extensive gentle north to 
south slope. Elevation 1,970 feet. 

Station 18: McNeal station. Section corner of secs. 15, 16, 21, 
and 22, T. 17 N., R. 18 E. Soil excellent, moderate to steep slope 
from southwest to northeast. Elevation 1,751 feet. 

Station 19: Catlin farm, 6 miles west and one-half mile south of 
Ellensburg at end of county road, about 1,000 feet east-southeast 
of Catlin house. Soil good, slope generally moderate from west to 
east. Elevation 1,916 feet. 

Station 20: Prater farm, 4% miles west of Ellensburg on vel 
road, 200 feet west of barn on south side of road. Sec. 6, T. 17 N., 
R. 17 E. Soil good, general moderate southwest to northeast slope. 
Elevation 1,741 feet. 

Station 21: Kilmore farm, 6% miles west, 1% miles north of 
Ellensburg, 300 feet east of farmhouse in alfalfa field. Soil good 
with rather irregular moderate slope from southwest to northeast. 
Elevation 1,832 feet. 

Station 22: Dry Creek station, 1,500 feet south, 1,500 feet east 
of the southwest coroer of sec. 7, T. 18 N., R. 18 E. Soil excellent, 
station on southwest to northeast steep slope representing a rather 
limited area. Elevation 1,787 feet. 

Station 23: Hayward “Flat’’, a bench 1,400 feet west and 1,280 
feet north of southeast corner of sec. 28, T. 19 N., R. 17 E. Soil 
very good, surrounding territory extremely irregular as to soil and 
topography. Conditions at this station are representative of 
humerous other ‘“‘flats’’ in the general vicinity. Shelter exposed 
Goeeimately one-fourth mile west of Walter Hayward farmhouse. 

vation 1,826 feet. 

Station 24: Peoh Point station, in old Boedcher home orchard 
50 feet northeast of road fork, 1% miles south of Cle Elum. Soil 
very good, variable moderate slope, from southwest to northeast 
at station. Elevation 2,029 feet. 

Station 25: Benson siding station, about 50 feet north of barn 
hear county road, 3% miles east, 1% miles south of Cle Elum and 

roximately 1,000 feet west-northwest of Benson siding on 
ilwaukee ilroad. Soil good, gentle southwest to no 
. Elevation 1,911 feet. 


tation 26: Edgemont, 600 feet west, 1,200 feet north of south- 


east corner of sec. 33, T. 17 N., R. 19 E. Soil excellent. Very steep 
east-southeast to west-northwest slope, with station situated near 
bottom of a very narrow draw having a south to north slope. 
Elevation 1,700 feet. 

Station 27: Edgar Larson place, near center of sec. 29, R. 20 E., 
T.17N. Shelter about 50 feet west of house, moderate southeast 
to northwest slope, soil good. Elevation 1,738 feet. 

Station 28: Badger Creek station, 75 feet east of west side center 
of sec. 9, T. 16 N., R. 20 E. West side of section center is at road 
intersection. Station on bottom of. pocket with local slope gentle 
southeast to northwest. Elevation 1,803 feet. 

Station 29: r Pocket, 450 feet northwest of southeast 
comer 5 s+. 7, T. 13 N., R. 20 E. Station 15 feet north of ca,nal 
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and 400 feet due west of road. Steep south-southwest to north- 
northeast slope, good soil. Elevation 2,100 feet. 

Station 30: Ellensburg climatological station, 100 feet southeast 
of Kittitas County courthouse. Slope gentle north to south. 
Elevation 1,520 feet. 

Station 31: Badger Pocket, 500 feet north of center of sec. 16, 
T. 16 N., R. 20 E. Exposure west of county road which joins 
Badger Creek road about 0.8 miles southeast from Aitken ranch. 
a southwest to northeast slope, soil fair. Elevation 1,938 
eet. 

Station 32: Kern ranch in Park District. Station 50 feet north- 
east from house on south side of North Central Highway and about 
9% miles east from Ellensburg. Slight northeast to southwest slope 
with good soil. Elevation 2,005 feet. 

Station 33: Don N. Smith farm 2 miles west of Thorp. Station 
situated on a bench from which there is a very gentle northwest to 
southeast slope, with lower benches to the north and east. Soil very 
good. Elevation 1,796 feet. 

Station 34: Noll farm, 2.1 miles south-southeast of Thrall on 
Yakima paved highway. Station situated in a small pocket the 
bottom of which slopes gently from northeast to southwest, soil 
excellent. Elevation 1,493 feet. 

Station 35: Diefenbacker farm, Edgemont, 3% miles east and 
one-half mile south of Thrall; station situated in bottom of rather 
extensive moderate draw, having a moderate south to north slope. 
Shelter 300 feet northeast of house. Soil excellent. Elevation 
1,733 feet. 

NOTES 


During the course of the 5-year spring-temperature survey, it 
was expedient, due to the smajl number of instruments available 
for use in such a large area, to make occasional changes in the station 
locations. The changes made were as follows: 

Twenty-five temperature survey stations were established at the 

inning of the survey in March 1931. 
tation 15 was discontinued April 17, 1931. 

Station 26 was established April 17, 1931. 

Stations 27, 28, and 29 were established March 24, 1932 on com- 
pletion of construction of three new instrument shelters. 

Station 13 was discontinued June 1, 1932. 

Station 28 was discontinued June 1, 1932. 

Stations 31 and 32 were established March 24, 1933. 

Stations 12 and 32 were discontinued June 1, 1933. 

Station 26 was discontinued June 1, 1933. 

Stations 33, 34, and 35 were established March 22, 1934. 

Station 30 is the regular United States Weather Bureau climato- 
logical station for Ellensburg with records throughout the year, 
covering the past 40 years. 

Due to unavoidable circumstances it was necessary to make a 
change in the original location of the main key station (no. 1) at 
the beginning of the 1934 season. The previous location was in 
the Flynn orchard exactly one-fourth mile north from its new loca- 
tion, Topography and soil conditions are identical at the two 
locations. 

Clearing and development of the new land necessitated moving 
stations 9 and 10 a few yards from their original locations. New 
locations are representative of the conditions at the original ones. 

During the 1934 and 1935 seasons, readings for station no. 24 
were made by Mr. Henry Roseburg, one-quarter mile north of 
original location, both locations representing the surrounding 
territory suitably. 


TEMPERATURE SURVEY DATA 


At the end of each spring season a mimeographed report 
was prepared, giving a detailed description of the season’s 
weather, the locations of the various survey stations, 
minimum temperatures at all stations for all dates on 
which the temperature fell to 32° F. at any one station, 
the duration in hours and minutes of temperatures below 
32° F. for each d for each station, the complete 4:40 
p. m. observational data at station 1, fruit tree blossoming 
dates, and average minimum temperatures at the various 
stations on nights with large and small temperature 
inversions. Copies of these detailed reports are available 
for reference at the central office of the Weather Bureau, 
Washington, D. C., at the headquarters station of the 
Weather Bureau Fruit-Frost Service, Pomona, Calif., 
and at the county courthouse and the chamber of com- 
merce at Ellensburg. ee is a summary of data 
contained in these five annual reports. 
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The temperature survey data can be correlated with the 
data from the Ellensburg cooperative station, which has a 
record going back more than 40 years, thus giving at least 
a fairly accurate picture of frost hazard and length of 
vy. season at any one of the survey stations for any 
particular year. Temperature records at the Ellensburg 


During the 5-year period of the survey there were onl 
two frosts which caused material commercial damage ty 
apple crops. The first, on April 19, 1931, just as the 
apple buds had separated in the cluster, damaged a large 

reentage of the fruit buds, but due to the excess of 

loom reduced the final crops only slightly. The second 
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Ficure 2.—Station 30, Ellensburg, Wash.: Climatological record of monthly minimum temperature and the normal for the spring months. 


station will be found in all the a a survey tables 

except those showing temperature durations. An exami- 

nation of the Ellensburg station data during the period of 
Station number. 
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Fiaure 3.—Slope, in feet per mile, from each survey station. 


the survey and in previous years shows that the five surve 
springs were all warmer and more advanced than normal. 
his is brought out in figures 2 and 4. 


occurred on March 24, 1934, after 15 days of unseason- 
ably warm weather during the middle of the month had 
caused rapid development of the buds. Temperatures 
on this latter date fell as low as 15° in the colder localities, 
and the apple crop was reduced by 15 to 25 percent in the 
old-established orchards in the most favorable locations. 

The temperature survey was begun each year before 
any crops grown in the district had developed sufficiently 
to be susceptible to frost damage, in order to obtain more 
data to show gre igen ifferences between different 
locations. The table of blossoming dates on page 164 
shows the beginning of the frost season for apples, pears, 
and peas. As a general rule, crops grown in the district 
were not sufficiently advanced to be susceptible to frost 
damage before April 1. 


WEATHER SUMMARY BY SEASONS 


1931 


The season was comparatively mild, with good y— weather 
ade ae, no precipitation during April and Ma . The night 
of May 19-20 was the last night with heavy frost. Frost on April 
18, 19, and 20, with temperatures as low as 20° generally in colder 
locations damaged fruit blossoms considerably, but due to an excess 
of bloom, had little effect on the size of the final crop. The peé 
von | a set back by these cold nights, but no serious 
res 
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The 1932 season also was comparatively mild, with no seriously 

low temperatures after crops had advanced far enough to be 

. There was good growing weather Croan the season, 

except during a cool period from April 15 to 25. Rainfall was 
much below normal. 


date. The last frost of the season occurred on May 21. During 
the latter part of April daytime temperatures were as high as 88 to 
90° throughout the district, hastening crop growth considerably. 
A frost on May 9 caused slight damage to tender truck crops in the 
colder spots. There were 8 days with precipitation during the 
season and total precipitation was much below normal. 


43 


Ficure 4.—Last date of killing frost in spring, Ellensburg, Wash., 1892-1935, inclusive; 43-year climatological record at station 30. 


Preceded by extremely low temperatures in February, the season 
continued cold and backward, with but one period of favorable 
growing weather, from April 21 to 30. At several) stations the 
temperature fell to 20° on April 4 and 9. The last general heavy 
frost occurred on May 19, but frost on June 9 damaged truck cro 
considerably in scattered colder areas. There were frequent peri 
of light precipitation, but the total was less than normal. 


Stetion numbers 


26 
i ti Li 
FiGuRE 5.—Five-season average number of days 32°, or lower, recorded. 
1934 


Extremes of both high and low temperature occurred during this 
Season. Temperatures were as low as 15° at some points on March 
24, causing 15 to 25 percent damage to the apply crop in colder 
locations, One station registered 13.2° for a few minutes on this 


1935 


This season was by far the coldest during the period of the survey, 
although the average minimum temperature at the Ellensburg 
cooperative climatological station was om | slightly below the 
28-year normal (fig. 2). Due to contin low day and night 
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Ficure 6.—Five-season average date last temperature 32°, or lower, occurred. 


temperatures, accompanied by clouds and wind, crop growth was 
materially delayed. In some cases seed peas rotted in the ground, 
causing a considerable loss. Apri] 2 was the coldest night at most 
of the survey stations, minimum temperatures ranging from 6.9° at 
the coldest station to 18° at the warmest, with many stations record- 
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ing temperatures below 10°. Precipitation during the season was 
about one-fourth normal, the — portion falling in the form of 
snow on the night of March 24-25. At 9a.m. on March 25 there 
was 2.9 inches of snow on the ground at Ellensburg. 


Summary of blossoming dates, Edgemont district 


1931 1932 1933 1934 1935 
D’An rs in full bloom..-.-..-. May 2/| May 4! May 2/ Apr. 11| May 4 
full bloom......| May 10 | May 15} May 16/ Apr. 16| May 9 
Early sweet peas in full bloom.....| June 15| June 10| June 14 | June 13} June 11 
Perfection peas in full bloom... June 20| June 26| June June 30| June 27 


Norg.—Detailed fruit-blossoming records listed in seasonal] reports. 
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The survey locations may be classified in three groups, 
each with fairly similar temperature characteristics, 
Group 1, comprising stations 4, 5, 7, 8, 18, 22, 23, 29, and 
33, represents the most favorably ocated areas. Group 2, 
including stations 2, 9, 10, 11, 12, 13, 14, 17, 19, 21, 26, 
27, 30, 34, and 35, is representative of the moderately 
favorable locations. Group 3, made up of stations 1, 3, 6, 
15, 16, 20, 24, 25, 28, 31, and 32, is ree of areas 
with too high a frost hazard for the planting of any crops 
subject to damage by late spring low temperatures. 

The total number of nights during the 5-year survey 
period on which temperatures of 32° or lower were 


Station numbers 
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FIGURE 7. 


GENERAL CONCLUSIONS 

Because of the extremely broken topography of the 
survey area, with its isolated benches and steep slopes 
cut at frequent intervals by wide ravines, it is not prac- 
ticable to draw isotherms to indicate temperature differ- 
ences. However, knowing the locations of the survey 
stations, it should not be difficult for anyone to use the 
records on the ground to determine quite accurately what 
the relative frost hazard on any parcel of land in the dis- 
trict will be. Comparisons between the frost hazards at 
different localities can be made by referring to the tables 
and figures which form a part of this report, and to the 
topographic map. Descriptions of the locations and 
surrounding topography of the different stations are given 
on page 160. 


registered at each station, together with the average 
number per season, are given in table 3. The average of 
26 nights per season at station 3, when compared with 
the average of only 10 nights per season at station 5, 
only about a half mile distant, illustrates the large differ- 
ences in minimum temperature on frosty spring nights 
that result from topographic influence. The average 
date on which the last temperature of 32° or lower was 
registered in spring is given for each station in figure 6. 
The difference between the earliest date, April 16 at sta- 
tion 33, and the latest date, May 23, at station 32, shows 
a growing season beginning more than a month earlier 
at station 33 than at station 32. Similar differences 
temperature undoubtedly exist during the fall season, 
and the average annual growing season is probably more 
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than 2 months longer at the former station than at the 
latter. 

Before attempting to draw even general conclusions 
from the data, it probably will be well to discuss very 
briefly the two factors mainly responsible for the develop- 
ment of temperature differences in the district on clear 
nights in spring or fall, namely air drainage and wind. 
By air drainage is meant the draining, down hillsides to 
lower levels, of surface air which has been cooled through 
contact with the colder ground surface. On clear, on 
nights the ground surface cools rapidly after sundown 
through radiation of heat. This radiation passes through 
the air without affecting its temperature materially, and 
the air itself cools more slowly because of its compara- 
tively poor radiating qualities. Air in actual contact 
with the ground cools through conduction; but that a few 
feet above the ground, or out over the valley away from 
the hillside, changes temperature only slightly during 
the night, and is almost as warm at sunrise as it was at 
sunset. The surface air cooled through contact with 
the ground becomes denser than the warm air at the same 
level not in contact with the ground, and tends to drain 
away to lower levels, and to gather in depressions in 
somewhat the same manner as water. However, water 
drainage and air drainage are quite dissimilar in some 
respects, and air draining from a hillside or down a canyon 
should not be expected to behave in all respects in the 
same manner as water.’ 

——— relatively cold air drains slowly down even 
slightly sloping ground, its movement is so sluggish that 
the air which replaces it cools rapidly enough, through 
contact with the colder ground, to make the net effect of 
the drainage process almost negligible. In order for air 
drainage to be effective in retarding the temperature drop 
on a clear, calm night, the slope must be greater than 150 
feet to the mile, and the steeper the slope the more effec- 
tive is the air drainage process. (See fig. 3, showing slope 
at each station.) The coldest locations, of course, are 
those in depressions either inclosed or with outlets so small 
that the cold air drains into the depression faster than it 
can move out. 

Elevation above sea level, or above the valley floor, 
does not in itself have any influence on the relative degree 
of frost hazard in nearby locations. A depression high up 
on the hillside, into which the cold air can drain faster 
than it moves out, may be fully as cold as a similar 
depression at the foot of the slope on a clear, calm night. 
Flat or well-rounded summits of low hills practically 
always are colder than steep slopes below on such nights. 

The second factor of importance in determining temper- 
ature differences between slope and valley floor on clear 
nights is wind movement. Ideal conditions for air drain- 
age are found only when there is no general air movement 
in the district; and even a light wind will interfere mate- 
rially, through mixing the warm air above or away from 
the slopes with the thin stratum of surface air which has 
been cooled through contact with the ground. A mod- 
erate wind may prevent stratification entirely, both on the 
—— and on the valley floor, and in such cases there —_ 
be little or no difference in temperature between the hi 
and valleys. There usually is more wind at higher eleva- 
tions than on the valley floor, and at times the wind at 
— levels may cause elevated benches to be consider- 
ably warmer than areas at lower elevations, where wind 
may be light or entirely lacking. In such cases higher 

nch temperatures are due entirely to prevention of tem- 
perature stratification by the mixing effect of the wind, 


'W. J. Humphreys, Physics of the Air, second edition, pp. 154-157. 
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andnottoairdrainage. After stratification has developed 
on the valley floor on a clear, calm night, a light puff of 
wind may cause the temperature of the surface air to rise 
several degrees in a few minutes, due to mixing of the cold 
air near the ground with the warmer air at moderate 
elevations. 

It will be noted that the stations listed in group 1, 
the favorable locations, are situated either on moderate 
to steep slopes, or on benches above the valley floor. 
(See slopes, fig. 3.) On the slopes the higher minimum 
temperatures are due to both air drainage and the effects 
of the stronger breezes at higher elevations, while the 
higher temperatures on the benches are due almost en- 
tirely to wind. Stations in group 2 are located at moder- 
ate elevations and on moderate to gentle slopes; and those 
in group 3 on slightly sloping ground, usually at the base 
“ a steeper slope or on nearly level ground on the valley 

oor. 

In order to contrast the to phy of the area sur- 
rounding station 28, one of the coldest places, with that in 
the vicinity of station 5, one of the warmest, a more 
detailed description of the locations of these two stations 
is given below. 

tation no. 28 was located on the floor of Badger 
Pocket, a depression slightly more than 6 miles long, and 


Station numbers 
2 4 6 f2 16 2 2 32 


Lievation (Feet) 


IER ES 


Ficure 8.—Elevation of stations above mean ses level. 


averaging about 1 mile wide, containing an irrigated area 
on the surrounding slopes about 4 miles wide at its mouth 
narrowing to a width of about 1 mile at the upper closed 
end. The pocket floor slopes from southeast to north- 
west at the rate of from 60 to 100 feet to the mile. Exten- 
sive and comparatively steep slopes surround the pocket 
except at the open northwest end, where more nearly 
level Jand begins. Thus the area surrounding station 
28 receives the air, cooled by nocturnal radiation, which 
drains from extensive slopes on three sides. 

Station 5 was located in a different portion of the dis- 
trict, on a steep slope at a oe. higher elevation 
extending from south to north to muc = and lower 
elevations, the e increasing considerably above, and 
decreasing slightly below the station location. _ 

At times low temperatures in the survey district are the 
result of the general movement of cold air into the valley, 
accompanied by moderate to strong winds. In such cases 
air drainage is not a factor, and the higher slopes may be 
as cold as or colder than the valley floor. This condition, 
usually known as a freeze, seldom occurs in spring in the 
survey district, and the few freezes which occurred durin 
the 5-year survey — came before crops had develo 
sufficiently to be damaged. 
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While it is not possible to describe in detail the relative 
frost hazard in every small area in the district, the follow- 
ing general summary may be used in conjunction with the 
tables and the topographic map which form a part of this 
report, to determine genera differences in frost hazard 
and length of growing season at any location within the 
survey area. 

Of the 70,000 acres included in the survey, approxi- 
mately 8,000 acres can be classed in group 1, the ‘‘favor- 
able’ locations. The Edgemont section, which lies above 
the 1,650-foot contour and extends eastward from Thrall 
to the latitude of the Wippel pumping plant, with its 
eastern portion narrowing under the pump lateral, and 
all other steep slopes on the eastern side of the valley 
above the 1,800-foot elevation, are included in this group. 
On the west and southwest sides of the district all moder- 
me 1 steep slopes above the west side canal also are in- 
cluded in group 1. The gently sloping elevated area 2 
miles west of Thorp, extending southeastward, and the 
several benches along the river canyon in the northwest 
— of the valley fall under the same favorable classi- 

cation. East of Thorp and a across the river 
is an elevated area which also can be included in group 1. 
There is, however, a pocket in this area, the lower por- 
tion of which has only moderately favorable temperature 
conditions. 

Group 2 includes about 22,000 acres with moderately 
favorable temperature conditions, lying for the most part 
on gently sloping ground immediately below the more 
favorably situated areas in group 1. The higher fourth 
of the north side of the valley is included in this grou 
as well as the southern fourth of the Cle Elum area, al- 
though late frosts are more frequent in the latter section, 
and the growing season is somewhat shorter than in other 
portions of group 2. 


May 1936 
Lands included in the temperature survey which were 
found to be least satisfactory from the standpoint of frost 


hazard and length of gro season, classed in group 3, 
include the lower elevations in Badger Pocket extending 
upward to the irrigation canals at the southeastern end of 
the pocket, even the highest portions having only a moder- 
ate slope. Group 3 also includes the small pocket bottom 
immediately east of the Milwaukee Railroad trestle across 
Johnson Creek Canyon. The Cle Elum area, with the 
exception of the higher and steeper slopes in the south 
quarter, has frequent late frosts, and is classed in group 3, 
as well as the lower portions of the north side of the dist” 
rict, including the Park area. 

Small areas of only a few acres lying on steep slopes in 
the group described as unfavorable, or in pockets in the 
areas listed as favorable, must be excepted from the gen- 
eral classifications, but all of these can be picked out by 
inspection. 

he intelligent use of the soil and Pam gee we: survey 
data now available for the newly irrigated portions of the 
valley should result in the planting of tender fruit and 
truck crops in the areas found to be most favorable, and 
the reservation of the most unfavorable portions of the 
district for the planting of grain and other crops requir- 
ing a relatively short growing season. The use of tem- 
perature survey data already has resulted in the selection 
of areas most favorable for the production of seed peas, 
and this new industry has shown an encouraging growth, 
A temperature survey of this type shows temperature 
differences which should continue to exist indefinitely, 
and the value of the data should be increasingly valuable 
in the years to come. 

The authors wish to express their i to Mr. 
Harold A. Rathbone, who prepared the diagrams for 
this paper. 


TABLE 1.—Seasonal and 5-season absolute minimum * temperature with departures from stations nos. 2 and 3 


1931 1932 1933 1934 1935 
Station no. 

Mini- - | Depar- Mini- Depar- Mini- - | Depar- Mini- De Mini- - 

mum jtureno.2/tureno.3; mum j|tureno.2/tureno.3; mum /tureno.2;tureno.3} mum mum | tureno.2/tureno.3 
= 21.1 —1.9 +1.7 23.7 —6.1 —0.3 20. 5 —3.5 +5.0 15.0 —5.0 +1.8 10.0 —4.0 +1.0 
Se ae 23.0 0.0 +3.6 29.8 0.0 +5.8 24.0 0.0 +4.0 20.0 0.0 +6.8 14.0 0.0 +5.0 
ASE Se 19.4 —3.6 0.0 24.0 —5.8 0.0 20.0 —4.0 0.0 13.2 —6.8 0.0 9.0 —5.0 0.0 
Cintvecscsceteliddee’ 24.3 +1.3 +4.9 30. 6 +0.8 +6.6 26.0 +2.0 +6.0 24.6 +4.6 +11.4 17.0 +3.0 +8.0 
23.3 +0.3 138 30.9 +11 +6.9 28,8 +4.8 +8.8 24.7 +115 17.5 +3.5 +8.5 
22.7 —0.3 3.3 27.0 —2.8 +3.0 21.0 —3.0 te 0 15.6 —4.4 +2.4 8.9 —5.1 —0.1 
Fi60L5.sGc ed 22.0 —10 +2.6 29.0 —0.8 +5.0 25.8 +1.8 5.8 26.0 +6.0 +12.8 17.8 +3.8 +8.8 
22.0 —1.0 +2.6 29.5 —0.3 +5.5 26.0 +2.0 24.9 +4.9 +11.7 i8.0 +4.0 +9.0 
22.1 —0.9 +2.7 26. 2 —3.6 +2.2 23.0 —1.0 3.0 20. 2 +7.0 15.3 +1.3 +6.3 
WS ethnnncededssé 21.3 —1.7 +1.9 28.0 —1.8 +4.0 25.0 +1.0 +5.0 21.0 1.0 +7.8 16.0 +2.0 +7.0 
22.0 —1.0 +2.6 28.5 —1.3 +4.5 25.5 +15 22.1 +21 +8.9 15.0 +1.0 +6.0 
20.0 —3.0 +0.6 27.1 —2.7 +3.1 19.6 —4.4 —0.4 cat 16.0 +2.0 +7.0 
18.0 —5.0 —14 27.9 —1.9 16.5 +2.5 +7.5 
Wal stcrcedeeeeskben 24.1 +1.1 +4.7 27.0 —2.8 0 26.0 +2.0 +6.0 24.0 +4.0 +10.8 16.6 +2.6 +7.6 
20.6 —2.4 +11 24.2 —4.6 +0, 2 19.0 —5.0 —1.0 15.0 —5.0 +1.8 8.9 —5.1 —0.1 
21.0 —2.0 +1.6 27.2 —2.6 +3.2 21.0 —3.0 +1.0 18.8 —1.2 +5.6 13.0 —1.0 +40 
SER Rae 24.0 +1.0 +4.6 29.0 —0.8 +5.0 26.0 +2.0 +6.0 22.9 +2.9 137 15.0 +1.0 +6.0 
| PERSE ETE SNa 21.0 —2.0 +1.6 27.8 —2.0 +3.8 24.8 +0.8 +4.8 20.6 +0.6 7.4 15.8 +1.8 +6.8 
Se STS 21.0 —2.0 +1.6 22.9 —6.9 —1L1 22.2 —18 +2.2 15.0 —5.0 +1.8 10.0 —4.0 +1.0 
« 25.0 +2.0 +5.6 26.6 —3.2 +2.6 23.0 —1.0 17.0 —3.0 14.7 +0.7 
TRB LEB 25.1 +2.1 +5.7 27.4 —2.4 +3.4 24.8 +0.8 8 18.0 —2.0 8 15.0 +1.0 0 
25.0 +56 30.8 +1.0 +6.8 24.0 0.0 +4.0 23.6 18.0 +4.0 +9.0 
22.5 —0.5 +3.1 26. 5 —3.3 +2.5 22.2 —1.8 +2.2 18.9 +5.7 10.1 —3.9 +1.1 
19.5 —3.5 +0. 1 26.0 —3.8 +2.0 21.7 —2.3 +1.7 17.5 —2.5 +4.3 6.9 —7.1 —2.1 
t 23.6 +0.6 +4.2 27.0 —2.8 +3.0 23.1 —0.9 +3.1 --| 15.0 +1.0 +6.0 
27 ad 26. 0 —3.8 +2.7 22.8 —1.2 +2.8 19.2 —0.8 +6.0 13.6 —0.4 +4.6 
28.0 —1.8 +4.0 23.2 —0.8 +3.2 24.2 +4.2| +11.0 16.5 +2.5 7.5 
Moll sc tasibotede 25.0 +2.0 +5.6 28.0 —1.8 +4.0 24.0 0.0 +4.0 19.0 —1.0 +5.8 15.0 +1.0 +6.0 
20. 0 —4.0 0.0 17.0 —3.0 +3.8 11.5 —2.5 +2.5 


. *Absolute minimum for 5 occurred di 1935 season. 
interpolated. 
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temperature for all cold nights with departures from stations nos. 2 and 3 


TaBLE 2.—Seasonal and 5-season average 


5-year 


1933 


MOD 


1932 


1931 


were 


Station no. 


| 
16... 


3... 

4 

5. 

6 

8 


* Record interpolated. 


TABLE 3.—Seasonal and 5- 


seasons 


82° Taste 4.—Number of hours temperature was 32° and lower by 


year frequency of temperatures 


or lower 


Number of days 32° or lower occurred 


mor | 


ARS 


1932 1933 


1931 


5-year 
average 


Station number 


* Record interpolated. 


*Record interpolated. 


Records for March not considered in above table. 


7987 


|_| 
|_| |_| 1934 1935 
eee Aver- Depar- | Depar- Aver Depar- | Depar- Aver- Depar- | Depar- Aver- Depar- | Depar- A Depar- | Depar- A Depar- | Depar- - 
ture ture ture ture ture ture ture ture ver~ | ture ture ver- | ture ture D 
age age age age - 
no. 2 |- no.3 no.2 | no.3 no.2 | no.3 no.2 no.3 | | no.2/ nod | | no2 no.3 
- - - - - +2, 31.4 5 
+4. 33.8 9 0 
29.9 0 | | | | | | 4 ; 
| 32.6 7 2 | | | 2 
de $4.6 7| | | | = 
34.7 8 8 
32.4 5 : | 4 it 
33.8 9 | 3 
34.0 | 2 
31.6 
33.5 6 3 
*29.7 2) | 1 
31.9 | 0 | | | | | 3 
33.6 7 4 
34.7 8 | 6 
33.4 5 | | | 
31.3 4 | | 8 
32,2 3 9 
34.2 3 2 
| 35.2 3 | 2 
32.7 8 | 93 2 
32.1 2 6 
34.4 5 5 
*30. 4 5) : 1 
| | *30.3 4 | | 3 re, 
°35.3 ° 3 7 
*33.7 % | 2 
1 *33.5 | 2 
5-ye 
|| 1934 1935 tota | a 
15 16 10 19 
10 12 2 14 
19 18 ll 22 
13 15 8 16 
18 19 13 23 
16 17 10 21 
23 22 17 28 i 
17 18 17 
16 15 13 22 ¢ 
26° *26 *29 *20 
23 17 14 23 dy 
Wbbsadcdidbaddekaubada 13 13 6 17 
Pe 20 22 13 22 
20 16 18 21 
13 ll 8 15 
20 17 14 21 
26 27 20 30 
17 *17 ll 20 
14 *17 19 RY 
26 *26 *29 27 3 
29 *27 "35 29 
13 "14 *16 *8 
15 *15 *18 *9 : 
16 *19 *10 
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Tasie 5.—Number of hours temperature was 29° and lower by seasons 


| 02 | 1933 | | 1905 | Tot | 

Station no. 
2 
1/26| 12] 6| 0/45/10] 215| 23 | 238] 48 
2} 0] 0| o 0| oj %| 38] o| 8 
a} o| 4] 5] 5| 0/78| o| 5| 31 
8| 1] 17] o| of 44] o| 70| 14 
16] 0| 3] 2) 2] 105] 2] 2 
13| 2] 2] 4] of 49| 89] 0| is 
19] 9] | ons | 215 | 43 
m|o| 45| 2| 4| 2/143) 29 
0| 4| 0/34) o| 4| 66] 0| 0| 130] 26 
a2! 0/32] 6] 4] 167) 6/1731 35 
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Taste 5.—Number of hours temperature was 29° and lower by 
seasons—Continued 


| 1992 | 1993 | 1934 | 1935 | Total | 
Station No. 
16| 4] 0| 36] o}67| 128] 128] 9 
40| 0| 6| 0/35] 0 15 | | 119 | 94 
3 | #25 | 245 | 49 
--]----| | 0] 62) 5] 4) 56} *161 163) 33 
4] 0} | #30 | 260 | 
2; *100; “1 101; @ 
*Record interpolated. 


Records for the month of March not included in above table. 


TORNADO DISASTERS IN THE SOUTHEASTERN STATES, APRIL 1936 


By J. B. Kincer 
[Weather Bureau, Washington, June 1936] 


During the first week of April 1936, two series of disas- 
trous tornadoes occurred in several Southeastern States, 
the first on April 1-2 and the second on April 5-6. In 
the first series tornadic storms were reported from 7 cities 
or towns in Georgia and the Carolinas; in the second the 
storms were of greater geographic extent, occurring at 17 
different places scattered through 6 States, includin 
Arkansas, Tennessee, Mississippi, Alabama, Georgia, an 


' South Carolina. Figure 1 shows the places where torna- 


does were reported and the approximate time of the 
several occurrences. 

The atmospheric conditions responsible for these 
disastrous storms, as shown by the daily synoptic weather 
maps, are described by Louis P. Harrison, Weather 
Bureau, Washington, D. C., as follows: 

“The two series of storms had their genesis in two 
different energetic depressions of rather similar nature, 
each characterized by V-shaped isobars with a trough 
extending in a south to southwesterly direction, quick 
followed by an extensive anticyclone of pronounced high 
pressure. The tornadoes occurred in connection with 
the cold fronts which were associated with the troughs of 
these depressions and passed over the region under con- 


sideration during the periods April 1-2, and April 5-6, 


respectively. 

“Tn each case the front marked the juncture of rather 
cold, dry, Polar Continental air, overlain in part by 
Polar Pacific air, sdvancing southeastward against warm, 
moist, tropical air, largely from the Gulf of Mexico. 
These circumstances produced conditions peculiarly 
favorable for the development of violent local disturbances 
both of the tornadic and thunderstorm variety, for there 
existed not only large horizontal temperature gradients 
across the front, but also remarkably strong vertical 
gradients through 2 to 5 or more kilometers in the cold- 
air mass.”’ 

The following accounts and descriptions of the storms 
are based largely on reports by the several Weather 
Bureau section directors of the States named: 


FIRST SERIES, APRIL 1-2, 1936 


In this series the first tornado was reported near 
Tignall, Ga., about 8:30 p. m., April 1, moving in a 
northeasterly direction. number of buildings were 


ruined, numerous farm animals killed, and at least one 
person badly injured. The second is reported as occurring 
about 30 minutes later, at Lincolnton, Ga., some 17 
miles southeast of Tignall, moving in a southeasterly 
direction. The telltale funnel-shaped cloud was re- 
orted, and also a rotary wind movement was evident 
rom the position of felled trees. Reports made by the 
Lincolnton postmaster indicate that about 50 houses were 
more or less wrecked, but no satisfactory estimate of 
actual property loss is available. From the description 
of the movement and time of occurrence of the storm, 
and the relative geographic location of Tignall to Lin- 
colnton, there were evidently two separate storms in this 
case. 
The next reported occurrence was early the following 
morning, about 6 a. m., April 2, at Sasser, Ga. This 
storm moved in a northeastward direction over a path of 
unknown length, with destructive effects over an area 
from 200 to 500 yards in width; rotary wind action was 
evident from the position of the trees overthrown. One 
Negro man was killed, several people injured, and the 
property damage was estimated at about $3,000. The 
next storm, at Leesburg, Ga., about 10 miles east of 
Sasser, was reported to have occurred an hour later, or 
about 7 a.m. Here, eight people were injured and one 
Negro man killed; property loss was estimated at $4,300. 
At 7:30 a. m. of the same day, or half an hour after 
Leesburg was visited, an exceedingly destructive tornado 
occurred at Cordele, Ga., in which 23 persons were killed, 
nearly 500 injured, and property damaged to the amount 
of $3,000,000. In addition to the heavy loss of life, the 
property destruction here was appalling; 287 buildings 
were demolished, of which 100 were among the best resi- 
dential homes in the city. Many of the finest houses were 
torn to splinters, as if blown up by great charges of 
dynamite. 

From the locations of Sasser, Leesburg, and Cordele, 
and the time of tornado occurrence in each, it is quite 
likely that the same storm passed through these localities 
in succession. The time reported at Sasser, or at Lees- 
burg, about 10 miles apart, may not have been accurately 
given; the first reported “about 6 a. m.” and the latter 
“about 7 a. m.” 

About an hour after the Cordele disaster, or at 8:30 


a. m., a tornado occurred near Lodge, Colleton County, 
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§. C., some 160 miles northeast of Cordele. One farmer 
was killed, and farm cone valued at $1,000 destroyed. 
The movement was from the west over a path about 80 
yards wide and 1 mile long. 

The first series of storms came to an end at Greensboro, 
N.C., about 12 hours after the occurrence at Lodge, S. C., 
when the most destructive tornado of record in North 
Carolina struck that city soon after 7 p. m. on April 2. 
Its path was 7 miles long and varied from 50 to 800 feet 
in width. In its wake the casualties counted included 13 
persons killed, 144 injured, and 289 buildings demolished, 
56 of which were totally wrecked; property damage is 
estimated at $2,000,000. This storm appears to have 

assed a little north of Mebane at 8 p. m., and was traced 
in an easterly direction for 6 miles, taking the life of one 
person, injuring four others, and destroying $10,000 
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Waynesboro, Hohenwald, and Columbia; the times of 
occurrence ranged from 7:45 to ar: m., April 5. In 
Hardin County one person was killed and several small 
buildings damaged. In Wayne County, property damage 
was heavier, estimated at $100,000, but no lives were 
lost. In Lewis County a few people were injured and 
on ee lost to the extent of $50,000, while in eve? 
ounty 5 — were killed, 20 others injured, wit 
property loss about $50,000. 

At about the time of the Tennessee tornado, or 8:05 
p. m., Booneville, Miss., was visited by a similar storm, 
when 4 people were killed, 12 injured, and from $20,000 
to $30,000 worth of property destroyed. Also, at nearly 
the same time, another appeared at Coffeyville, Miss., 
about 80 miles southwest of Booneville, at 8:10 p. m. 
with the loss of four lives, seven people injured, and 
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Fioure 1.—Locations of tornadoes of April 1 and 2 and April 5 and 6, 1936. 


worth of property. Later (exact time unknown) there 
was some damage by wind 3 miles north of Hillsboro, and 
the last trace of the storm was reported by J. F. Hunter, 
cooperative observer at Arcola, Warren County, N. C., 
Who stated ‘‘a heavy cloud and loud roar passed north of 
me at 9:15 p. m.” 

SECOND SERIES 


The second family of storms began in northeastern 

kansas on the afternoon of April 5. Tornadoes were 
Teported about 2 p. m. at Melbourne, La Crosse, and 
Larkin, all nearby. One person was killed at La Crosse 
and 4 injured; estimated property damage in the three 
localities was $40,000. 

The next outbreak was reported from the middle 

ennessee River Basin in Tennessee, in Hardin, Wayne 

wis, and Maury Counties, or in the vicinities of 


$10,000 in property destroyed. Quickly following this, 
and apparently the same storm that struck Coffeyville, 
a very disastrous tornado occurred at Tupelo, Miss., 
some 60 miles to the northeast, at 8:55 p. m., causing 
oes loss of life and between 3 and 4 million dollars 
of property destruction; 216 people were killed, and 700 
injured at Tupelo and in its vicinity. 

The Tupelo, Miss., tornado is reported to have occurred 
at 8:55 p. m., April 5, while a similar storm struck Red 
Bay, Ala., near the Alabama-Mississippi State line, and 
about 35 miles northeast of Tupelo, at 9:02 p. m. the same 
day. Other points in northeastern Alabama reporting 
tornadoes about this time were Belgreen, 9 p. m.; Rogers- 
ville, some 40 miles to the northeast, at 10:15 p. m.; and 
Elkwood, about 35 miles from Rogersville, and near the 
Tennessee line, between 10:30 and 11 p. m. It is not 
clear that one and the same tornado occurred at all these 
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places. There may have been more than one, but, if so, 
they all occurred between 9 and 11 p.m. At Red Bay, 
8 persons lost their lives and 50 others were injured, 
while at Elkwood, 4 people were killed and 3 injured. 
Loss to property, in and near Red Bay, is estimated at 
$150,000, and at Elkwood, $5,000. Other “straight” 
winds were reported about this time in northeastern 
Alabama, especially near Tuscumbia and Florence, with 

roperty damage estimated at $7,500. One person was 

illed near Tuscumbia. 

No tornadoes were reported between 11 p. m. on the 
5th and the early morning of the 6th, when the greatest 
disaster of the entire series occurred in northern Georgia. 


turing centers; but Gainesville, pagent nearly 9,000, 
is also the location of Brenau College for Girls and the 
Riverside Military Academy for Boys. The storm was 
attended by winds of most violent force, which utterly 
demolished about 750 houses and badly damaged more 
than 200 others, almost completely destroying the busi- 
ness district of the city. The loss of life reached the 
appalling total of 203, while 934 others were injured. 

vidence indicates that the Gainesville destruction was 
probably the work of three distinct tornadoes occurring 
almost at the same time. Relative to this aspect of the 
catastrophe, George W. Mindling, Section Director for 
Georgia, makes the following comments: 
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Ficurr 2.—Areas in Gainesville, Ga., devastated by tornadoes, April 1936. 


About 8:30 a. m. of this date, one occurred about a mile 
north of Acworth, where a store, a grist mill, and two 
houses were completely demolished and other buildin, 

damaged. Two women were injured. This tornado 
moved northeastward (in the direction of Gainesville) 
with a comparatively narrow path. About 8 miles east 
of Acworth a church and two farmhouses were destroyed. 
However, if the time of occurrence is correctly reported, 
this could not have been the same storm that caused 
such havoc at Gainesville, for the latter is definitely 
known to have occurred between 8:27 and 8:37 a. m., or 
approximately the same time as the Acworth disturbance, 
some 50 miles to the southwest. At Gainesville and New 
Holland one of the greatest tornadic disasters ever known 
in this country occurred. Both of these are manufac- 


“Apparently, the first storm struck the campus of 
Brenau College about 8:27 a. m., the course of destruction 
being a narrow path extending nearly east from there 
through New Holland, thence northeastward into the 
country. The others came along 10 minutes later, two 
distinct funnel-shaped clouds appearing at once, as 
witnessed by a furniture dealer and by the mayor. These 
destroyed all but a few buildings in the business section. 
In the Western Union office, which was wrecked, the 
time stamps were stopped at 8:37 a. m., eastern time. 
One course of destruction led into the city from the south- 
west, just to the west of the Atlanta highway; the other 
came in from nearly west along the Dawsonville highway. 
These two paths came together west of Grove Street, an 
an area four blocks in width was laid waste clear across the 
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city, arene which separate courses of destruction again 
appeared. 

“Where the tornadoes finally disappeared is uncertain, 
but Lavonia, Ga., nearly 40 miles from Gainesville, 
experienced a tornado about an hour later, and Anderson, 
§. C., also had one on the same day. These places are 
nearly on a direct line east-northeast from Gainesville. 
However, reports of destruction at intervening points are 
lacking.”’ See figure 2. 

Probably the storm at Gainesville was the same one 
that was reported at Lavonia, Ga., about an hour later, 
and finally reached Anderson, S. C., nearly 70 miles north- 
east of Gainesville, at 10:05 a.m. If so, it traveled some 
70 miles in approximately 90 minutes. Estimated 
damage at Lavonia was $10,000, but there was no loss of 
life. The width of the path at Anderson and vicinity was 
from 400 to 500 yards. Property damage was estimated 
at $250,000; about 50 homes were wrecked in the Anderson 
and Appleton Mill villages, and some houses in the Evans 
section destroyed. The tornado barely missed the busi- 
ness section of Anderson. Only one person was reported 
killed, but 30 were injured. 

The group of tornadoes comprised in these two series 
considering the number of people killed and injured, an 
the property damage, probably ranks third in destruc- 
tiveness in the tornado history of the United States. In 
the first series of April 1-2, about 41 persons were killed 
and 540 injured; in the second, April 5-6, some 452 persons 
lost their lives and 1,775 were injured. In comparison 
there is a record of a series of tornadoes, supposed to have 
included some 60 separate storms, which occurred in 
several Southern States in Febru 1884 with an esti- 
mated loss of some 800 lives. other outstanding 
tornadic disaster was the so-called ‘‘Tri-State”’ tornado 
of March 18, 1925, which occurred in the Middle West 
and caused more than 700 deaths, and in which some 
3,000 persons were injured. 

The paths of great tornadic destruction are so narrow 
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locality, in the course of years, to be visited twice by such 
storms. However, this does happen occasionally. Two 
other tornadoes are known to have occurred in Gaines- 
ville, or vicinity, in past years. One of these was on 
March 25, 1884, destroying several houses and killing 
one or two persons. The other, on June 1, 1903, was 
much more destructive, with 98 people losing their lives; 
fy erty damage was estimated at about a million 

ollars. In connection with the Gainesville storm, Mr. 
Mindling submits the following comments: 

“The question has often been raised as to whether 
buildings of heavy, solid masonry and office buildings 
with — steel framework may be expected to stand up 
under the full force of a violent adtindin The results at 
Gainesville give a good deal of assurance in favor of such 
structures. The city has a few such buildings, among 
which are the First National Bank, the Jackson Building, 
the post-office building, and the Baptist Church. These 
came through with only shattered windows and other 
minor damage, while less rigid structures around them 
were nome demolished. Even the more substantial 
brick buildings of recent construction crumbled around 
those named, of which only the church suffered much. 
It was partially unroofed and its interior damaged 
where wreckage fell in, but the heavy stone walls were 
not hurt. 

“A very substantial stone monument 20 feet high and 
bearing a metal statute of a Confederate soldier came 
through unharmed on the Public Square at the very center 
of most appalling destruction. At the corner of Green 
and Washington Streets, just a few feet from the northern- 
most corner of the ere building, a massive marble 
monument was broken to pieces and parts of the basal 
structure were carried away, including a block of granite 
about a foot thick and about 9 by 6 feet in length and 
breadth. This illustrates the violence of the wind that 
wes brought to bear upon the post office and the Jackson 
Building next to it. The Baptist Church is just across the 


and their occurrence so erratic that it is unusual for a street from the wrecked monument.” 


THE NEWFOUNDLAND FOREST FIRE OF AUGUST 1935 


By B. 
[State Teachers College, Worcester, Mass., February 1936] 


_ August 13, 1935, was a day of misfortune for owners of 
timber land in north-central Newfoundland, and nearly 
brought tragedy to the town of Grand Falls. To the 
student of climate, the fire, which in a few days swept 
many square miles of forest, offers an interesting illustra- 
tion of the importance of weather conditions for con- 
flagrations. The writer, who was in Grand Falls during 
the middle of August, became greatly interested in the 
atmospheric relationships that were evident throughout 
the catastrophe. Personal observations and data fur- 
nished by residents of Grand Falls upon weather and daily 
progress of the fire, have made possible the following 
study of the relation of meteorological conditions to the 
start, expansion, and final extinction of the blaze. 

_ Summer is the season of greatest fire danger in the 
timber-covered island of Newfoundland. At this period 
of the year, insolation not only removes the protecting 
blanket of winter snow, but also warms the air and lowers 
the relative a The result is a dry forest bed and 
a dry atmosphere which make the fire hazard far greater 


than that of the cold season. The summer weather of 
1935 increased inflammability in the forests even more 
than usual. Lower than average precipitation and rela- 
tive humidity, and higher than average temperature and 
barometric pressure combined to produce exceptionally 
favorable conditions for fires. 

Although the total precipitation for the first 7 months 
of the year was 3.88 inches ' above normal (27.37 inches 
compared with a normal of 23.49 inches), the amount for 
June and July was 1.4 inches below normal (5.5 inches 
compared with a normal of 6.9 inches); and during the 
first part of August little more than a trace of rain fell. 
Moreover, the number of rainy days in June and July 
was the lowest on record, seven below normal. 


1 Official long time climatic date are exceed dificult to obtain in Newfoundland. 
Few official stations have a comprehensive record over a number of years. There is no 
Government weather observer in Grand Falls, but the statistics used in this article were 
furnished by a local firm that has kept careful records on certain climatic elements for 
8 years. The writer checked these records with those which he procured from the 
Buchans Mining Co. at Buchans, a mining town approximately 50 miles to the south- 
west, and a close correlation was evident in most cases. The latter company has recorded 
weather data for_a period of 5 years. 
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The following table indicates the extent to which sum- 
mer temperatures of 1935 were above normal: 


TaBLe 1 
8 years 1935 
Mean °F. °F. 
June, July, and August................ 59.3 61 
Mean maximum temperature: 
85.4 85 


Students of forest fires consider high barometric pres- 
sures to be a contributing climatic element in fire weather; 
figures listed below show that the 1935 readings were 
markedly high: 


TABLE 2 
8 period 
years 
1935 

Mean barometric pressure: Inches Invhes 
29. AT 29.77 
29. 70 29. 93 
29.79 29. 93 


The writer was unable to obtain any data on relative 
humidity for Grand Falls or for Buchans, except for the 
period of the fire, and these show only the minimum read- 


SCALE 


MILES 


LOCATION OF THE NEWFOUNDLAND FOREST FIRE ape 


Ficure 1. Location of the Newfoundland forest fire, A t 1935. The fire started 
between the headwaters of two small streams, Stony B and Little Battling Brook, 
approximately 10 miles from Grand Falls. 


. However, 5-year records were obtained from Cor- 
ner Brook, the other paper manufacturing town in New- 
foundland. This station is situated near the west coast, 
a location giving it a higher relative humidity than that 
for the inland city of Grand Falls. Nevertheless as the 
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trends of other climatic elements are similar between 
the two stations, the relative humidity should show some 
correlation. The figures for June and July 1935 in 
Corner Brook show a mean relative humidity of 2.3 per- 
cent below the 5-year normal. 

High winds always favor the development of a forest 
fire. re statistics were unobtainable except for 
the period of the fire, several residents of Grand Falls 
assured the writer that wind velocities during June, 
—_ and the first part of August were above normal. 

me may conclude from a study of the conditions dur- 
ing the period preceding the August fire, that critical 
meteorological elements were favorble for the blaze. 
Moreover, once the fire was started, a continued lack of 
rainfall, low relative humidity, high temperatures, and 
high winds all united to hinder control. 


WEATHER CONDITIONS DURING THE FIRE 


The fire was discovered near the headwaters of Stony 
Brook (figs. 1 and 2), approximately 10 miles south of Grand 
Falls, on the afternoon of August 13; immediately an 
co peice attempt to stop it began, as a crew of 10 men, 
well equipped for fire fighting, started toward Stony Brook, 
These were reenforced by 10 more on the 14th; and on the 
morning of the 15th, control appeared possible. The 
wind had been light on the 13th and 14th, and had it 
remained light during the 15th, the fire undoubted 
would have loon put out by those in charge—surely wi 
the aid of the additional crew who early on the 15th were 
on their way from Grand Falls to the fire region; but 
instead, by 2 p. m. of the 15th, the wind velocity had 
increased to such a degree that all hope of limiting the 
fire, without the aid of a heavy downpour of rain, was lost. 

A downpour did not come until the night of August 22, 
and in the meantime hundreds of men (newspaper reports 
indicate as many as 1,200 at one time) were sent to fight 
the fire. From the afternoon of the 15th until the 19th 
the fire crews were forced back in a general easterly direc- 
tion before the prevailing westerly wind (fig. 2). On 
3 of the 4 days, August 15 to 19, the wind was fresh; 
but in spite of the breeze the men gave way quite gradu- 
ally and kept the blaze confined within less than one- 
fifth of the area which it gained so easily on the 20th when 
fanned by a strong wind from the west (fig. 2). On the 
19th the direction shifted from west to east, velocity 
declined from fresh to light, and a slowly falling rain gave 
real hope of relief. These conditions were short lived. 
The total precipitation amounted to but 0.015 inch, and 
the morning of the 20th brought the strong westerly wind 
mentioned above. Moreover, the minimum relative 
humidity, which had averaged 40 percent for the previous 
7 days (a relative humidity of 50 percent is consider 
dangerous in the timber regions along the northwest coast 
of the United States?) dropped to 28 percent (fig. 3), 
that afternoon. To complete the weather conditions 
favorable for the spread of a fire, the temperature rose to 
91° F. In response to this ideal fire weather, the blaze 
expanded tremendously, with seven times the spread for 
any previous 24-hour period. The 20th of August 1935, 
will con be remembered at Grand Falls. Toward eve- 
ning huge cumulus clouds arose over the fire area, only & 
few miles away. 

By the 21st the strong wind had died down; and & 
light breeze from the south-southeast, with an increase In 
minimum relative humidity from 28 to 60 percent, made 
fire fighting less difficult than on the previous day. 


?Dague, CharlesT. Disastrous Fire Weather of September 1929, Bulletin of the 
American Meteorological Society, vol. XI, no. 12, December 1930, p. 215. 
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PROGRESS OF FIRE AUGUST 13- 22, 1935. 


FIGuRE 2. 
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Nevertheless, there was a significant expansion to the 
north in two places, and the boundary nearest Grand 
Falls moved to within 4% miles of that town. Arrange- 
ments were made for a special patrol during the night to 
fused against fire starting among the houses and the mill 
uildings, but the men went off duty early the next morn- 
ing when a slight shift of the wind removed the danger 
from ash that had been blowing over the Falls. 
Although the shift in wind direction on the 22d re- 
moved immediate danger from Grand Falls, an increased 
velocity and a decrease in relative humidity brought a 
corresponding increase in the difficulty of fire control in 
other sections, a problem so serious that the burned area 
was extended several miles northward over a wide front. 
About 5 p. m. however, the hundreds of fire fighters re- 


PROFILE OF MAXIMUM TEMPERATURES 
AND MINIMUM RELATIVE HUMIDITIES, 
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ceived reenforcements in the form of rain that helped 
more than all the equipment and men that had been 
fighting the flames for days. 


WEATHER CONDITIONS WHICH EXTINGUISHED THE FIRE 


On the evening of the 22d, a low pressure area we 
in from the west (fig. 4) brought precipitation, lasting a 
night, which stopped the advance of the fire. With the 
possing of the Low, a strong depression from the south 

rought increased rainfall; and before the rain was over, 
on Sunday the 25th, 5.08 inches of moisture had fallen, 
and all danger,of further damage was eliminated. 


The tow from the south, which had started on August 
18 as the first tropical storm in American waters in 1935, 
took a course slightly different from the average followed 
by most Caribbean hurricanes. A majority swing to the 
northeast soon after passing the latitude of the Florida 
Straits, and continue in that direction across the Atlantic, 
Had this tow followed the normal path, the Newfound- 
land forest fire would have continued longer; but the 
general path of the August depression was north-northeast 
toward Newfoundland, the position of its center, Sunday, 
August 25. 

ile the storm favored Newfoundland by stoppin 
the forest fire, it was decidedly unfavorable in sever 
other respects. As the center of the Low passed the 
Grand Banks, it caused heavy damage to fishing fleets 
and took a toll of lives estimated from press reports at 
upward of 50 in all, some as far north as the Labrador 
coast. 
CONCLUSIONS AND SUMMARY 


In considering the major elements which influenced 
the fire, several significant facts stand out: (1) Above- 
normal pressures, temperatures, and wind velocities, 
together with below-normal precipitation and relative 
humidity, during the early summer months of June and 
July greatly dried out the forest litter and increased its 
inflammability to such an extent that danger of fire was 
at a maximum; (2) From August 13 to August 22, in- 
clusive, the prevailing wind direction was west on 5 
days, southwest 2 days, east 1 day, south-southeast 1 
day, and north 1 day. Asa result of the general westerly 
direction of the wind, the fire spread a distance of approxi- 
mately 10 miles in its greatest west-east advance, whereas 
with winds from the east on only 2 of the 10 days (actually, 
winds with an easterly component totalled but 43 hours) 
the greatest westward extension was approximately 1 
mile. (3) On August 20 the fire spread over an area 
nearly as large as that of its progress during the other 9 
days. A wind of great strength, a maximum tempera- 
ture of 91° F, and a minimum relative humidity of 28 
percent contributed greatly to this expansion. (4) Once 
well started, the fire could not be completely extinguished 
until a heavy rainfall was provided by two passing Lows 
one starting as a tropical hurricane. (5) The fire spread 
over a total area of approximately 100 square miles 
64,000 acres. Owing to the large number of lakes an 
streams in this glaciated land, only about 60 square 
miles, 38,400 acres, of actual timber were destroyed; 
hence the loss is hardly as great as it might appear from 
the first glance at the map. (6) The lakes and streams 
not only served as temporary barriers to the blaze, but 
also as places of refuge when the fire routed the fighters. 
More than one crew were forced to the water when other 
means of escape were cut off, and several lives were 
saved in this way. Although many men wereincapacitated 
by smoke blindness’and ‘minor burns, not one of the thou- 
sand or more,fighters lost his life as a result of the fire. 
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Ficurz 4. Movement of storms bringing rain to Newfoundland. On the 22d a low re area of medium intensity brought rain which started to drench the forest fire. The deluge 
which completed the task came with a storm that began its course as a tropical hurricane on the 18th of August. A complete chart of the storm movement and a detailed descrip- 
tion of the depression may be found in the MONTHLY WEATHER REVIEW for August 1935. 
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DUSTSTORMS OF MAY 1936 IN THE UNITED STATES 


By R. J. Martin 
{Weather Bureau, Washington, D. C., May 1936] 


Duststorms were less frequent during May than in the 
preeces month, and dense dust occurred over a smaller 
area. mparison of the accompanying chart with that 


Number of days with duststorms, or dusty conditions, May 1936, 


appearing in the April issue of this Review shows that 
the maximum number of dense duststorms decreased by 
about 50 percent, while the area covered was considerably 
smaller, especially from Texas northeastward. 


rted in Wyoming, South Dakota, 
Nebraska, Kansas, Oklahoma, Texas, New Mexico, Ari- 
zona, Utah, and Colorado. In several of the States 
named, only limited areas were affected; this is especially 
true of Oklahoma, Texas, and Arizona. 

Light dust was more widespread in the Northwest than 
during April; Walla Walla, Wash. reported dust on 
8 days and Yakima on 1. Dusty conditions were noted 
as far east as Reading, Pa., though in large Ohio Valley 
districts no dust was reported. At Reading, dust was 
only sufficient to cause colorful sunsets, while Chicago 
experienced a light mudfall on the 31st. 

n central and northern sections there was some prop- 
erty loss from these storms; in portions of Minnesota 
seeded fields were damaged where grain was not high 
enough to keep the soil from being blown away, while 
at other stations only human discomfort resulted. At 
— other stations in these areas dust was reported 

olt. 

Colorado again had severe duststorms; they were es- 
pecially frequent in southeastern counties, where the 

edad was cultivated extensively last year. In parts of 

aca County heavy dust was reported blowing from fields 
an hour or two after rainfalls of one-half inch or more. 
The storms of the 19th-22d at times reduced visibility to 
25 feet, making driving and flying conditions hazardous. 

The shaded area on the chart outlines those sections 
where dense dust was reported. 


Dense dust was re 
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RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies. 


America fore insurance & indemnity group. 

Windstorms, their causes and effects. New York. 1932. 

{16 p.] plates, fold. map in back. 30 cm. 
Ashbel, D. 

Der Scirocco (Hamsin) Palistinas. [Jerusalem. 1935.] p. 
249-268. tables, diagrs. 24% cm. (Folia medica orien- 
talia. v.1, fase. 3/4. 1934/85. Folia medicinae internae 
orientalia. Aus dem Hygienischem Institut der Hebraischen 
Universitat, Jerusalem.) 

Berlage, H. P. 

Further researches into the possibility of long-range forecast- 
ing in Netherlands India. 31 p. pl., maps, tables, & 
diagrs. (all part fold.) 29% cm. Batavia. Magnetisch en 
meteorologisch observatorium. Verhandlingen no. 27.) 

Belehradek, Jan. 

Temperature and living matter. Berlin. 1935. x, 277 p. 
illus., diagrs. 22% cm. (Added t.-p.: Protoplasma-mono- 
graphien . v. 8). 

(Bermuda.) 

Daily meteorological observations taken at St. Georges, 
Bermuda, during the polar year August, 1932—August, 1933. 
n. p. 1935. [82 p.] tables. 31 cm. 

Boerema, J. 

Daily forecast of windforce on Java. Batavia. 1934. 8 p. 
plates, maps (part fold.), charts (part fold.), tables (part 
fold.) diagrs. 29%cm. (Batavia. Magnetisch en meteor- 
ologisch observatorium. Verhandlingen no. 27.) 


Bollinger, Clyde John. 
The relation of solar radiation to sun-spot cycles. n.p. 1935. 
{9 p.] tables, graphs. 23 cm. (Repr.: XV, Proc. of the 
Oklahoma acad. of science, 1935.) 
Bourne, B. A. 
Effects of freezing temperatures on sugarcane in the Florida 
everglades. Gainesville, 1935. 12 p. ill., graphs, table. 
23 cm. (Bulletin 278. May, 1935. Agricultural experi- 
ment station. Univ. of Florida. Gainesville, Fila.) 


Braun, Giacomo. 
Notizie meteorologiche e climatologiche della regione Giulia 
(Trieste, Istria e Fruili orientale). Roma. f1934,}-X11. 
1 p. 25 cm. (Consiglio nazionale delle ricerche. Comi- 
tato naz. per la geografia. II. Richerche sulle variazioni 
storiche del clima italiana. Istituto de geografia fisica della 
R. Univ. de Padova.) 


Brooks, Charles F. 

The Blue Hill observatory. 4p. 24%cm. (From the Report 

of the President of Harvard univ., 1933-34.) 
Butler, C. P. 

Observing the sun at 19,300 feet altitude, Mount Auncon- 
quilcha, Chile. Wash. 1936. 4 p. diagr. 24% cm. (Smith- 
sonian miscellaneous collections. v. 95, no. 1.) Publication 
3379. At head of title: Roebling fund. 


Carruthers, J. N. 
A suggested totalising anemometer for 
Monaco. 1935. 6 p. diagr. 27% cm. (Repr.: Hydro- 
aphic review. v. XII, no.1. [No. 23 of the series.] 
ay 1935.) 
Chang, Pao K’un. 

The duration of four seasons in China. Nanking. 1934. 
unp. 26%cm. (Geographical society of China. Journal. 
v.1,no. 1. Sept., 1934.) [Text in Chinese: English ab- 
stract, p. 2.] 
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Chu, Co Ching. 


The enigma of southeast monsoon in China. Nanking. 1934. 


unp. 26%cm. (Geographical society of China. Journal. 
v.1, no. 1. Sept., 1934.) [Text in Chinese: English 
abstract, p. 1.] 

Chu, Coching, & others. 


The Chinese rainfall. [Nanking.] n. d. 536 p. many fold. 
maps, plates. 26%cm. (National research inst. of meteor- 
ology.) (Title, date, & main text in Chinese: headings also 
in English.] 

Coblentz, William Weber, & Stair, R. 

Factors affecting ultraviolet solar-radiation intensities. (U. 8- 
Bureau of standards. Journal of research. Wash. Aug.» 
1935. v.15,no.2. 23%cm. p. 123-150 incl. tab., diagrs., 
plates.) 

Cracco, [P.] Amedeo. 

Il clima nello Shensi (Cina). Hankow. 

tables, diagrs. (some fold.) 30 cm. 
De Fina, Armando. 

Las heladas primaverales en Buenos Aires durante el periodo 
1909-1933. Buenos Aires. 1935. p. 57-77. tables, diagrs. 
a (De la Revista Argentina de agronomfa, tomo 2, 
no. 6. 


1935. 7lp. plates, 


Fabris, Cesare. 

Masse d’aria nel Mediterraneo. n. p. 1935-XIII. 8 p. 
24 cm. (Ateneo veneto, Anno CXXVI. Jasile-Aguile 
1935—XIII. v. 119, n. 1-2.) 

Ficker, H. von. 

Der Einfluss der Stratosphire auf die Wetterentwicklung. 
Berlin. 1935. 11 p. 26 cm. (Sonderausgabe: Sitzungsber. 
Preuss. Akad. der Wissensch. Festvortrag in der Offent- 
lichen Sitzung vom 24. Januar 1925.) 

Gainares, F. 
Mapa de las Antillas y tierras adyacentes, mostrando las zonas 


frecuentadas por losciclones. n.p. 1932. Isheet. 88x 
64% cm. 


Glasspoole, John. 

The drought over England and Wales during the years 1932 to 
1935. n. n.d. 18 p. tables, diagrs. 22cm. (At head 
of title: The institution of water engineers.) 

[Great Britain.] Meteorological committee. 

Meteorological chart of the North Atlantic ocean. January to 
December. London. n.d. 12 charts. 46% x 88% cm. 
(M. O. Official No. 149A.) 

Hamburg. Deutsche Seewarte. 

Monatskarte der Nord- und Ostsee. 12 p. [Hamburg.] n. d. 

{12 p.] maps. 65x99cm. (Winter 1922/23 bis 1931/32.) 
Hartman, William Albert. 

Economic aspects of land settlement in the cut-over region of 
the Great Lakes states. Wash. 1931. cover-title, 86 p. 
illus., maps, 23% cm. (U.S. Dept. of agriculture. 


Circular no. 160 
Heidke, P. 
Regenmessungen aus Guatemala. n. p. n.d. p. A 26— A 30. 
tables. 32cm. [Covers years 1914-1921.] 


Hesse. Reichsamt fir Wetterdienst. 
Ergebnisse der meteorologischen Beobacht in Hessen in 
em Zeitraum 1901-1930. Darmstadt. 1935. 18 p. plus 
4 charts tables. 33 cm. (Verdffentlichungen. 6. 
Heft .. .) 
Hull, Ross A. 

Air-mass conditions and the bending of ultra-high-f. 
waves. West Hartford, Conn. 1935. 8p. diagrs. 
(Repr.: QST, June, 1935, published by the American 
relay league, inc.) 


Meteorological department. 

Meteorological conditions affecting aviation over the north- 
west frontier... b . G. Veryard and A. K. 
Delhi. 1934. 40 p. incl. tables. fold. front. (map), pl., 
diagrs., charts. 24}4cm. At head of title: India. Meteoro- 
logical dept. 


uency 
4 cm. 
radio 


India, 
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International geodetic & geophysical union. Internat’ assn. of scient. hydrology. 
Cinquiéme assemblée générale A Lisbonne du 17 au 24 Se 
tembre 1934. Pithiviers (Loiret). [1934.] 331 p. ill., pls. 
oe fold.), map (fold.), diagrs., tables. 31 cm. (Bull. no. 


1934— 


ee. (Congress, Lisbonne, Sept. 1933). Rome. 
I. 162p. pl. ( 31 cm. 


pl. (map), di ' rt fold.), tables. 
(Bull. no 21.) 


International meteorological organization. 


Messages synoptiques du temps. Météogrammes ur 
l'Afrique. Leyde. 1933. 60 p. 24% cm. Fase. 5. os 
miére ed. 1933. (No. 9.) 


Kessler, Otto W. 
Wetterkunde fiir Gartner, Weinbauern und Landwirte. 
Stuttgart. [1935.] 80 illus., tables, diagrs. 21 cm. 


imi und Fortschritte im Garten— und Weinbau. 
e 
Kidson, E. 

The summer of 1934-35 in New Zealand. Wellington. 1935. 
12 p. maps, tables. 25cm. (Met’l office note no. 16.) 

Marie-Cardine, P. 

Ce qu’il faut connattre de la météorologie. 

159 p. diagrs. 19 cm. 
Nolan, J. J., & Nolan, P. J. 

A new method for counting atmospheric ions and determining 
their mobilities. Dublin. 1935. p. 15-19. diagrs. 27% 
em. (Extract: Royal Irish academy. Proc. v. 42, Sect. 
A. 1935.) 

Nordhoff, Charles Bernard, & Hall, James Norman. 
The hurricane. Boston. 1936. 257 p. 21 cm. 
One hundred years of Charleston, 8. C., weather. Christmas edition. [1935.) 
{7p.] tables. 23x29 em., folded. 
Perret, Frank Alvord. 

The eruption of Mt. Pelée. Wash. 1935. 126 p. front., 
illus., fold. diagr. 29 em. (Carnegie institution of Wash. 
Pubn. no. 458.) 

Schaffernak, Friedrich. 

Hydrographie. Wien. 1935. 438 p. illus. (incl. charts), 


Paris. [1934.] 


Theaman, John R. 
The ay cee of the Martinique, with mean annual rain- 

fall map. Indianapolis. 1935. n.p. pl., tables. 17 x 14% 

cm. 


Thielebein, H. 
Die Niederschlagsverhiltnisse nach geordneten Monatswerten. 
Géttingen. 1935. 91 p. tables. 3 fold. graphs in back. 
22 cm. (Inaugural-Dissertation Gottingen.) 
Tokyo. University. Earthquake research institute. 
Bulletin. Supplementary volume II. Papers and reports 
on the damage from the typhoon of September 21, 1934 
and the Kazi-tunami caused by it. May, 1935. [Tokyo.] 
303 p. ill., pl., fold. map, ete. 26% cm. 
Tschierske, Hilmar. 
Uber Sicht im westlichen Sudetenvorland. Breslau-Krietern. 


1934. 36 p. tabs., diagrs. 24% cm. (Verdéffentlichungen 
der Offentlichen Wetterdienststelle Breslau-Krietern.) 
U. S. Weather bureau. 


Airways service. November 1, 1934. sheet. 42x 61 cm. 


Pilot balloon stations. Weather bureau, Army and Navy. 
Nov. 1, 1934. [Wash.] Il sheet. 42 x 61 cm. 


Weather bureau airway meteorologica) service. March 1, 
1936. [Wash.] 1 sheet. 42 x 61 cm. 


Voigts, Heinrich. 
Zum Luftkérperklima der libecker Bucht. Libeck. 1935. 

p. 87-100. tables. 27 cm. (Sonderdruck aus den Mitteilun- 

n dergGeographischen Gesellschaft und des Naturhis- 
rischengMuseums,in Libeck. Zweite Reihe. Heft 38.) 


| 
~ 
diagrs. 25 cm. 
Light: 
4 
— 
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Walter, B. Woelfie, Max. Ww, M 
Uber die Schutzwirkung von Fernblitzableitern und die Wald und Windschutz. Messungen der Windbewegung im 
Blitzschlaghaufigkeit in einigen Groszstiidten. n. p. 1935. Luv und Lee von Bestdnden, an Waldrindern, auf Waldseh- 
[5 p.] diagrs. 31 em. (Sonderdruck aus ‘ Deutsche 1935. fs. 
” 5 cm. nderabdruck: Forstwissensc iches Central- 
6ffentlich-rechtliche Versicherung’”’ Nr. 18/1935.) blatt. 57. Jahrgang, Heft 11. 1935.) 
Wolf, Abraham. 
Wenstrom, W. H. A history of science, technology, and philosoph in the 16th 
Modern meteorology. [Wash. 1935.] 19 p. a (map), and 17th centuries. London. 1935. xxvii, §92 p. illus., 
_—_ 23% em. (Reprint: Si corps bull. [Wash., pls., ports., diagrs. 2534 cm. (Chap. XIV. Meteorology. 
D.C.) No. 85. 1935. p. 306-324.) 


SOLAR OBSERVATIONS 
SOLAR RADIATION OBSERVATIONS DURING MAY 1936 Tazz 1.—Solar radiation intensities during May, 1936—Contd. 


By Irvine F. Hann, Assistant in Solar Radiation Investigations 
ee ° ‘ Sun’s zenith distance 
For a description of instruments employed and their 
is referred to the January 1935 8a. m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | | 252° 78.7° | Noon 
EVIEW, page 24. 
Table 1 shows that solar radiation intensities i a at Date ity ieee Local 
A 75th 
above normal at Washington and Madison, and below mer. mene 
normal at Lincoln. No water-vapor clouds were detected Gme A.M. P.M. 
on May 15 at Lincoln when the exceedingly low radiation 
station when readings were made; and W. J. Bryan of the 
observers near Lincoln indicate severe local dust storms, May 8...... 10.97 
chiefly at high elevation. Several other dust-storms were May 498 
effects on the solar radiation receipt, as shown in table 1. May 25.....- gab 7.87 
Table 2 shows a very marked excess in the amount of May thas | 
total solar and sky radiation at all stations, with the %------ tee 
exception of Fairbanks, Twin Falls, Miami, Blue Hill, 
Friday Harbor, and Ithaca. Departures | 100 
Polarization observations obtained at Washington on 
5 days give a mean of 61 percent, with a maximum of 63 LINCOLN, NEBR. 
percent on the 28th. At Madison, observations made on 
7 days give a mean of 60 percent, with a maximum of 67 | 1:90 | | | | ings 
on the 27th. of these values are slightly May 13...... 6.76 
gher than the corresponding May normals. May 947 | 90] | | 
May 18.-..-.. 104) .89 78 | 6.76 
[Gram-calories per minute per square centimeter of normal surface] May 2...... 8.61 1. 28 | 1.46 8.18 
-73 90} 1.04) 1.38) 66 |...... 
WASHINGTON, D. C. —.05 |—.03 |—,07 02 |+.04 |—. 01 |—, 02 |...... 
area BLUE HILL, MASS. (HARVARD UNIVERSITY) 
jun’s istance 
BY 10....-.| ° 
oom | ot eat, | eat, | cal eat. | cot. | cot. | mm May | 
May 1.....-. 10. 50 | 0.68 | 0.67'| 0.82 | 0.96 | 1.39 | 0.94 10.21 May 3.8 
Departures +.02 |+.06 |+. 12 |+.16 |+. 14 |+.16 1.04 | 1.11] 1.09 | 1.05] 1.31/ 1.05) .93| .88 |....-- 
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TABLE 2.— Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface 


Gram-calories per square centimeter 
Mount 
Wash- New Pitts- | Fair- | Twin La New | River-| Blue Friday 
ington |Madison| Lincoln} Chicago} | | burgh | banks | Falls | Jolla | | orieans| side | Hill | | Harbor | 
cal cal. cal cal cal. cal eal. cal. cal. cal. eal. 
350 493 323 412 686 520 609 559 425 |. 712 345 
473 458 528 709 555 486 627 506 563 534 
593 647 615 538 749 424 360 588 571 533 359 
507 §21 501 683 739 450 341 555 702 540 430 
546 592 563 629 393 567 540 546 210 302 
normals 
+18 —48 +23 +60 +228 -! +163 
+29; —114 +75 +139 +67 +21 +104 +75 , +13 | +63 }........ 
+111 +124 +82 +118 +82 —66 - +28 Ce +17 —148 |........ 
+15 —36 +143 +237 +63 —47 —46 —13 +81 
+49 | +166 +131 +202 —47 -79 +73 —20 —200 | —134 /........ 
Accumulated departures on June 2 
+1, 764 | +1,484 | +819 | +4,851 | +4,984 | +3, 339 |........ +35 | +336 |......-.. —2,821 | +6,825 | —343 | | +793 |—2, 629 |....... 


TaBLe 3.—Total, I, and screened, I,, I,, solar radiation intensity measurements, oblained during May 1936 and determinations of the atmos- 
pheric turbidity factor, 8, and water-vapor content, w=depth in millimeters, 1f precipitated 


AMERICAN UNIVERSITY, WASHINGTON, D. C, 


Solar 1.94 04 
Date and hour angle, 1936 | attitude | Air mass Ie br, w Air-mass type 
Percentage of solar 
constant 
May 1 Ris; gr.cal. | gr. cal . cal, mm 
59 1.16 1.311 0. 928 0.719 0. 068 0.020 0.044 83.6 15.2 50.0 | Te. 
58 47 1.17 1. 308 926 .713 068 020 044 83.6 15.4 50.0 
May 14 
64 29 1.11 1. 432 958 . 753 037 . 028 032 85.2 10.1 12.0 | Pe. 
3238 63 27 1.12 1.427 956 750 037 027 032 85. 2 10.3 12.1 
May 16 
68 34 1.07 1. 338 943 743 -110 050 080 79.2 9.0 11.6 | Noe. 
0:32 a, m.. 68 52 1.07 1. 339 O44 . 744 -110 - 050 . 080 79.2 8.9 11.7 
May 20 
SENG. ed 64 27 1.11 1. 357 . 958 747 086 022 054 82.8 10.4 16.0 | Pe. 
SEBS, 65 Ol 1.10 1. 360 958 085 021 053 82.8 10.4 15.8 
Mag 28 
2:52 a. m_ 49 27 1.31 1, 418 - 943 - 751 . 034 .040 037 82.9 8.1 6.1 | Pe. 
2:44 8. 50 09 1.30 1. 419 | 036 038 82.9 8&1 6.4 
ATMOSPHERIC CONDITIONS DURING TURBIDITY MEASUREMENTS 
May 1. Temperature 20° C., wind, SE 10; visibility, 30 miies; blueness of ay. 4; polarisation, 59.8 nt. 
May 14. Temperature 10° C., wind, NW. 18: visibility, 30 miles; blueness of sky, 6; polarisation, 61.6 percent. 
May 15. Temperature 9° C., wind, SE. 8; visibility, 30 miles; blueness of oxy 5; polarisation, 60.7 percent. 
May 20. Temperature 12° C., wind, NW. 16; visibility, 30 miles, blueness of sky, 5; polarisation, 60.5 percent. 
May 28. Temperature 11° C., wind, NW. 20; visibility, 50 miles; blueness of sky, 6; polarisation, 62.9 percent. 
BLUE HILL METEOROLOGICAL OBSERVATORY OF HARVARD UNIVERSITY 
1s 
Date and hour angle, 1936 altitude Air mass Te I, L Bia-+ w Air-mass type 
Percentage of solar 
constant 
May! | m . cal. mm 
3:12 a, m. 0 42 1. 53 S79 0. 204 0. 208 0. 206 56.3 10.3 61) Te. 
May 2 
2:50 a. m_ 43 31 1.45 1. 283 . 829 - 644 . 033 . 050 86.0 13.8 11.3 | Te, 8 aloft. 
4:04 p. m. 16 243 990 699 550 060 062 061 67.8 15.4 9.6 
May & 
2:47 a. 44 53 1.41 1. 236 -812 651 076 .107 73.4 8.6 6.9 | Noe. 
1:40 a. m. 55 43 1.21 1. 400 919 022 85.0 10.5 94 
May 6 
3:16 a. m 41 00 1. 52 1, 085 762 608 -123 108 - 116 68.6 11.8 9.4 | Nee. 
0:32 a. m. 63 05 1.12 1. 159 . 798 631 . 149 10.5 9.7 
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Atmospheric conditions cutyete radiation measurements, Biue Hill Observatory of POSITIONS AND AREAS OF SUN SPOTS—Continued 


d University, May 1936 
Heliographi A 
Dateand | Air | wing | Vist | sry 
time from tom rt | Dility | piue- Cloudiness and remarks Date | stand- | Diff.in| 7 4. Observatory 
apparent pera- (scale | ‘ness ard | longi- 
noon ture 0-10) time | tude | ‘de 
2:87 42:5 7| 2] Zero clouds. mod. haze. 
+10.6| N2 7| 8| Few Ci; 1 Acu. Bag Mount Whslon. 
8; 4:04 a. m.-...- +16.1 3 7 & | Few Ci; few Cu; light haze. +3.0} 10.5 
8; 3:31 p. M...-- +28.4 | § 3.._-.... 8 6 | 3 Cicu; mod. haze. +520] 50.5 
9; 2:20 mM. +23.06} NNW 2... 6 7 | 3 Ci; mod. haze. +61.0 68.5 
1; 3:01 a. M..... clouds; mod. oni 
pe 498.4 | 83 7| 8 | Zero clouds: mod. haze. U. 6. Naval 
15; 3:31 a. m..--| +13. 61 9 8 | Few Ci: light haze. May 19...| 13 46] —19.5| 320.2 Do. 
16; 2:52 a. M...- ew Ci; -7. 
+56 10| 10| Few Ci; few Cu; wind gusty. Do. 
20; 3:13 p. m...- . ew Cu. May 21... —70.0| 244. 
21; 3°08 +10.1 8 8 | 1 Cu; light haze. Do. 
22; 2:02a.m....| +10.0 9 8 +48.0 2.6 
22; O:11 p. m....| +12.2 9g 8 | 1 Ci. +59.0 13.6 
93: 2:55 8. m. +20.9 7| 8 | 3 Ci ght haze. May 22.../ 11 10| +20] 303.4 Do. 
24; 3:58 a. m-..-. Ti 1 7 7 | 6 Ci; light haze. +48.0| 349.4 
26; 3:04 8. m...-| +14.9 9 8 wy Ay: 1 Acu; few Cu, Freu; +60.0 14 
ght haze. +72.0 13.4 
27; 5:51 p. m....| +18.9 7 8 | 3 Acu, Steu; 4 Cunb, Cu cong. 2... J, 213. 
28; 4:10 m...-| +11.5 9 8 | Few Acu; 4 Cu; light haze. 224.0 
29; 4:218.m....| +8.9 9 8 | Few Acu. —22.0| 266.0 
30; 4:28 a. m....| +12.2 8 6 | 6 Acu; few Ci; light haze. +14.0| 302.0 
+62.0 | 350.0 
May 24...| 9 00) —80.0| 196.2 Mount Wilson. 
POSITIONS AND AREAS OF SUN SPOTS 5 4 
Communicated by Capt. J. F. Heilweg, U. 8S. Navy (Ret.), Superintendent U. 8. = 224. 
t Naval Obeervatery. Maia furnished by the U. 8. Naval Observatory in cooperation Se aH 
with Harvard and Mount Wilson Observatories. The difference in longitude is —30.0 | 246.2 
measured from the central meridian, positive west. The north latitude is positve. —11.0| 265.2 
Areas are corrected for foreshortening and are expressed in millionths of sun’s +24.0| 300.2 
visible hemisphere. The total area for each day includes spots and groups] +26.0 o02. 2 
+78.0 2 
East- Heliographic Area Total May 25.../ 10 53 se 8 U. 8. Naval. 
ern area 
Date | stand- | Diff-in| pongi.| Lati- for | Observatory 
ard | "tude | tude | SPot | Group} each 
Gme | and +41.0| 302.9 
26... 
1936 ° ° ° May 6 Do. 
May 1...-| 11 5] —69.5 149.7 U. 8. Naval. +210] 267.9 
44.0) 175.2 +54.0| 300.9 
May 2....| 11 19 | —57.5 | 1483 Do. ane -12 0} 223.1 Do. 
175.8 244.1 
—26.5 | 179.3 +66.0} 301.1 
+2.0] 207.8 May 2...;12 9| —76.0] 145.5 Do. 
+5.0} 210.8 —19.0} 202.5 
May 4....113 —70.0 108.3 Do. 220. 5 
—55.0 123.3 +24.0] 245.5 
—2.0) 176.3 +53.0| 274.5 
+28.0 | 206.3 +74.0| 207.5 
733 May 29...| 12 10 | —66. 142.3 Do. 
May 5....| 11 14| —42.0| 124.2 Do. mes 
+10.5 176.7 +34.0 242.3 
= +65.0| 273.3 
May 6....| 13 38 | —26.0| 125.7 Do. Do. 
—13.0| 138.7 May 31...| 13 29 | —38.0/ 143.1 Do. 
143.7 +21.0| 202.1 
May 7....| 11 14| —83.0] 56.8 Do. 
—1.0] 125.6) +16.0 |.....-- 
ae PROVISIONAL SUN-SPOT RELATIVE NUMBERS,| 
May 9....| 11 36 | —55.0] 58.1] —25.0 /_...... Do. MAY 1936 
THs [Dependent alone on observations at Zurich and its station at Arosa] 
428.0| 141.1 | +13.0|......- 448 [Data furnished through the courtesy Eidgen. Sternwarte, Zurich 
May 10...| 12 00 Mount Wilson. witser 5 
<. - Relative Relative Relative 
367 May 1936 |. numbers May 1936 numbers May 1936 numbers 
May 13...| 11 33 | —49.0] 11.3 | —28.0 586 |...-.... Do. Med 
—4.0 56.3 | —25.5 |_.....- 370 956) | MOE SO @ 04 || 
May 14...| 11 12 11.3 586 }........ Do. 4 d 68 
May 15...| 11 12 | —23.0 11.0 | —28.0 j_...... 741 Do. 31 78 
May 16...| 11 10 | —60.0| 320.8 | +19.0 |....... Do. Mean, 29 days 54.1 
—10.0 10.8 | —28.0 648 a= Passage of an average-sized group through the central meridian. 
+31.0 51.8 | —29.0 15 b= Passage of a large group or spot through the central meridian. 
+39.0 59.8 | —24.0 |......-. SP Eetionionon c= New formation of a center of activity: E, on the eastern part of the sun's disk; W, on 
+44.0 64.8 | +21.0 5 eee: the western part; M, in the central circle zone. 
+49.0 69.8 | —24.0 B 935 d=Entrance of a large or average-sized center of activity on the east limb. 
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May 1936 


AEROLOGICAL OBSERVATIONS 


[Aerological Division, D. M. Litrix in charge] 


By L. T. Samvets 


At those stations with a sufficient period of record for 
the determination of approximate normals, upper-air 
temperatures during May averaged close to normal. 
(See table 1.) The large negative departures found for 
Seattle are unreliable, being based on only 6 observations. 
Upper-air relative humidity departures were in general 
of opposite sign to those for temperature and of small 
magnitude. 


The directions of the upper-air wind resultants at the 
3 km level were close to normal at most stations. (See 
table 2.) Resultant velocities at that level exceeded the 
normals over the northern section of the country, and 
were below normal elsewhere. Departures were of small 
to moderate magnitude. 


TaBLeE 1.—Mean free-air temperatures and relative humidities obtained by airplanes during May 1936 


TEMPERATURE (°C.) 


Altitude (meters) m. s. 1. 


Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Stations 
ure ure ure ure ure ure ure ure ure | va- 
Mean! from | Mean} trom | Mean) trom | Mean) from | Mean)! from | Mean! from | Mean} from | Mean) from | Mean! trom 
normal norma] normal jnormal 
Barksdale Field (Shreveport), 

Boston, Mass.! (§ 12.0} —L1 12.6 | 10.6] +1.1 7.8) +1.0 5.0 | +0.6 2.2} +0.2 —0.5 | +0.1 | —5.5 | |—11.7 | +0.2 

argo, N. Dak.? (274 m 10.9 14.4 13.2 |- 10.8 3 —3.9 31 
Kal y Field (San Antonio), Tex.! 

Maxwell Field (Montgomery), 

(Hempstead, L.1.), 

Norfolk, (10 16.6 | 17.5 | +0.3 | 14.9] —0.3 12.0 | —0.5 8.9 | —0.7 5. —0.9 3.7 | —0.4 | —2.0 | —0.7 | —8.5 | —1.2 22 
Omaha, Nebr.? (300 m)..........-- 16.3 | +2.7 17.6 | +3.1 16.3 | +2.1 13.4 | +1.4 10.8 | +1.2 7.6 | +0.9 4.2} +0.6 | —2.6 | +0.6 | —9.4/ +0.7 31 
Pensacola, Fla! 20.6) —0.2| 17.8} 14.5] —1.2] 11.7| -—0.9 9.0} —1.0 6.6 | —0.9 1.4 | —0.5 | —3.9 2 30 
San Diego, Calif.* (10 m)........-- 16.5 | —0.9| 145) 40.4) 15.3) 15.8) 42.7) 141])42.2] 11.7] 42.3 8.8 | +2.2 3.3 | +2.7 | —2.8 | +3.0 30 
Scott Field (Belleville). 1.1 (135 
Seattle, Wash.? (10 m)............- 12.9 | —0.2 7.3 | —2.7 4.2 | —3.5 0.9 | —4.1) —-23) — —4.6 | —85 | —5.4 |—16.3 | —7.1 |—26.0 |—10.4 6 
Selfridge Field (Mount Clemens), 

ashington, D . (18 m)....-... 14.4] 15.9) 40.9/ 13.9}+408) 11.6] +10 9.0 | +0.9 6.4 | +0.9 3.8 | +0.9 | —2.0 | +0.5 | —7.6 | +0.8 30 
Wright Field (Dayton), Ohio! 


63 +5 59 +2 56 +2 52 0 
64 +7 63 +7 59 +4 50 -1 
60 0 56 —1 58 +3 55 +3 
80} +14 74 +14 68 | +14 61 +12 
35 —15 28; —10 24 -9 22 -—7 
72 72 +3 75 +7 68 +6 68 | +10 
79 | +10 55 52 —4 45 —10 47 -8 48 —6 47 —5 45 -3 
Wright Field Ohio...... 63 58 60 53 
Speerveliens teemabent 66, m., , 75th meridian time, except along the Pacific coast and Hawaii where they are taken at dawn. 
rmy 
Weather Bureau. 
* Navy. 


Norte.—T' are based on “‘normals”’ coveri 
Boston, 103; Novi , 151; Omaha, 155; Pensacola, 196; Roh iego, 174; Seattle, 73; W 


the following total ee Sacereetions made during the same month in previous years, including the current month: 


| 
i 
+ 
Tay, RELATIVE HUMIDITY (PERCENT) 
- | 
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TaBLE 2.—Free-air resuliant winds (melers per second) based on pilot-balloon observations made near 5 a. m. (EZ. S. T.) during May 1936 
[Wind from N=360°, E=90°, etc.] 


Albu- Cinein- K 
Atlanta, || Billings, |} Boston, || Cheyenne, || Ch Fargo, || Houston, ©y || Medford, || Murtrees- 
|| Ge. Mont Mass. Wyo. Ul. Mich.” || N-Dak. || tex 
(1,854 m) || 09m) |} (1,088 m) |} (5m) (873m) |} || || @otm) || |] |} || om) (som) 
Altitude (m) 
yale yale hale hale ale false als yale 
Surface...... 1.6 13/05 || 27/179) 254] 172/11]] 85/20]] 9/27] 287| 10] 
119 | 1.6 283 | 8.0 223 | 5.7 || 197) 1.7 271 | 45 || 215/43 134/63 99|50]| 20| 1590) 25 
129 | 2.8 249 | 5.4 || 262/37] 278) 6.1 || 257/47 134| 5.4 || 107| 5.0 284] 196| 3.7 
119 | 1.8 |] 231 | 282] 8.9 269 | 5.9 || 273 | 281] 6.7 || 270/4.4|| 137|3.2|| 217| 33 
175 || 1.5 |} 244 | 4.5 || 270] 9.4 || 2731 66 284] 7.8 || 201/49) 140] 2.1 
2,500..------- 225 | 2.6 || 136 | 2.6 || 260 | 4.6 || 285| 10.9 270| 44 || 203) 67 || 270| 7.21] 207| 81 || 142] 0.8 || 108/13 105) 26) 25 
249 | 3.5 || 177 | 2.2 || 267 | 4.8 || 283 | 10.8 || 264] 3.0 || 207] 67 || 286] 84 |] 298 | 10.0 || 255/62 147/0.8|| 65} 0.4 204) 257) 1.5 
266 | 4.2 |) 200} 2.6 || 275 | 5.0 || 285 | 10.1 || 272] 3.4 || 307 | 14.6 || 302 [11.6 |] 286 | 12.1 || 315/53 |] 40) 1.0 || 258) 227| 3.5 || 28 
255 | 3.7 || 187 | 2.0 || 277] 5.3 || 205] 11.1 304] 5.5 || 301 | 13.2 284 | 11.8 16 | 1.9 5.4|| 302) 14 
Newark, || Oakland, || Oklahoma |) 0 Pear! Har || Pensacola, || St. Louis |} Salt Lake ||San Diego,|| Ste. || seattle, || Spokane, || Washing- 
—- alif. City, Okla. Nebr tory of Ha- Fiat 0. City, Utah Calif. Mich. Ww ash. ton, D. 
(14 m) (8 m) m) (306 m) wail ' (68 m) (24 m) (170 m) (1,204 m) (15 m) (198 m) (14 m) (603 m (10 m) 
Altitude (m) 
Surtace...... 292} 1.3 226/05 || 166] 146) 1.5] 57] 78] 183] 1.1 155] 3.1 42/0.6/] 29] 0.4 163/13) 148) 304) 05 
302 | 6.8 || 213/23 174|35 69] 90} 6.7 || 188) 48 324 | 1.9 |] 343] 1.0 || 178 | 08 5.0 
305 | 5.8 || 346] 4.3 |) 175) 208) 110] 5.0 231 | 407 344 | 3.6 || 200| 5.9 || 208| 1.5 || 206| 20 || 202/ 4.9 
287 | 6.8 || 332/ 3.2|| 186| 49]: 226/72) 84] 7.8 132] 3.5 || 238 | 4.0 |) 160 | 331 | 4.1 |] 284) 6.2 |] 24] 1.6 34 203) 
277 | &2|| 194) 28 || 231 | 66 126} 2.7 || 247/ 3.3 || 3.0 || 322| 29] 313 | 10.2 || 265/35 || 216) 204) 7.3 
281 | 9.4 326] 4.2 210) 22 || 245 | 3.5 139] 1.8 || 309 | 3.8 || 208| 20 || 344| 318 | 11.1 || 265/56 || 213) 
286 | 8.0 || 307 | 3.3 || 238] 1.5 || 306 | 3.4 115| 318] 3.8 || 218] 23 || 341 | 4.4 || 322 | 13:1 || 7.3 |] 226) 94 
273|87|| 94] 0.5 || 339 | 29 225 | 4.7 || 317 | 6.5 || 320 | 15.2 || 241 | || 243 | 5.8 291) 10.0 
1 Navy stations. 


RIVERS AND FLOODS 


{River and Flood Division, Montross W. Hares in charge) 


By W. J. 


Floods did not occur during May in any of the major 
streams of the United States, although stages in the lower 
Mississippi River were —- high during the first part 
of the month because of the discharge from the Ohio River 
flood of March and April. Light to moderate floods oc- 
curred in widely separated sections in several of the smaller 
streams. The most severe was in southeastern Colorado, 
where torrential rain on May 30 caused a rapid rise to 
above flood stage in the Arkansas River in the vicinit 
of Lamar and Holly, Colo., including the tributaries bot 
north and south of the main stream. Newspaper and 
other accounts report the loss of six lives in southeastern 
Colorado and the adjacent area in western Kansas. Re- 
ported estimates of property losses in this vicinity total 
nearly $500,000. Estimated flood losses elsewhere during 
amount to $34,300. 

he following remarks are compiled from reports ren- 
dered by the various district centers: 


Columbia, S. C-—The Santee River at Rimini and Fe n, 8. C., 


was slightly above flood stage during the first few hee of the month; 
bag? hey a continuation of the April flood. No fl losses occurred 
n May. 


Meridian, Miss.—Moderately heavy to heavy rains occurred 
over the Meridian river district during the last 3 days of April, 
causing a rapid rise in the rivers. Prior to these rains the streams 
were all seasonably low, indicating a dry soil, with the a 
relatively dry. This condition accounts for the fact that only a light 
flood occurred in the central and lower Pearl watersheds, while flood 
stages were not reached in the Fremngrie watershed. Estimated 
flood losses in the Pearl River system from all sources were $10,250. 


Moxom 


La Crosse, Wis.—For the third time this season the upper Missis- 
sippi was near flood stage. The crest passed La Crosse at 11 a. m. 
of the 13th, with a ~—_ of 10.83. The only station at which flood 
stage was reached was Durand, Wis., on the Chippewa River, where 
a crest of 11.3 feet, 0.3 foot above flood level, occurred on the 9th. 
The high water during May was caused by frequent heavy rains 
in the headwaters during the first week of the month. After the 
15th the rivers began to fall at a rapid rate. Flood losses during the 
month were very light. 

Topeka, Kans.—The only overflow in the district during May 
was a slight one of the upper Solomon River, which reached a crest 
of 22.2 feet (4.2 above flood stage) at Beloit, Kans., on the 12th. 
The total estimated damage was $1,300, the greater part of which 
was to prospective — 

Concordia, Kans.—Slight flooding occurred during the month in 
the lower Republican River. Estimated losses amounted to about 
— to growing crops, mostly in the vicinity of Junction City, 

ns. 

Indianapolis, Ind.—Flood stages were passed on the Wabash 
River at ey Fayette, Covington, and Terre Haute, Ind. While 
there was a considerable rise in the river above La Fayette no 
flooding occurred in that reach. Below Terre Haute the flood 
flattened rapidly, owing to the light rainfall over the lower reach, 
and stages were considerably short of flood below Terre Haute. 
Losses were negligible. 

Wichita, Kans.—There was flooding of lowlands between Syra- 
cuse and Dodge City, owing to heavy rains in eastern Colorado and 
western Kansas during the last few days of May. Damages were 
not reported. 

Shreveport, La.—Moderate flooding occurred in the Sulphur 
River in northeast Texas, with the estimated damages amounting 
to about $12,000, the greater part to growing crops. 

Dallas, Tex.—There was a light flood in the Trinity River in the 
vicinity of Dallas, Tex. Some growing crops were overflowed, but 
resulting losses were very light. 
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San Antonio, Tez.—Moderately heavy flooding occurred in the 
Colorado and Guadalupe Rivers in Texas, and stages continued high 
into June. An estimate of flood losses is not available at this date. 

Albuquerque, N. Mezx.—A flash flood occurred at Fort Sumner, 
N. Mex., near the headwaters of the Pecos River, on the night of the 
28-29th. The river remained above flood stage slightly less than 6 
hours. Dykes and bridges at the Alamegordo Dam above Fort 
Sumner were damaged approximately $10,000 by the flood. 

Brownsville, Tex.—The Rio Grande reached flood stage at Browns- 
ville on one day, but without overflow anywhere except through a 
few breaks of little consequence. 

Denver, Colo.—Flood stages were slightly exceeded at Eagle, 
Carbondale, and Delta, Colo., on tributaries of the Colorado River, 
— times during the month. Losses from these floods were 
negligible. 

eavy local rainfall occurred on May 30 in southeastern Colorado 
causing a rapid rise to above flood stage in the Arkansas River in 
the vicinity of Lamar to Holly, Colo., and in the tributaries both 
to the north and south of the main stream. From newspaper and 
other accounts it appears that six persons lost their lives in these 
floods in southeastern Colorado and the adjacent area in western 
Kansas. Property losses at Lamar, Carlton, and rat and their 
immediate vicinities, amounted to approximately $500,000. 


Table of flood stages during May 1936 
[All dates in May unless otherwise specified] 


Above Crest 
River and station Flood 
stage 
From— To— | Stage; Date 
EAST GULF OF MEXICO DRAINAGE 
Pearl: Feet Feet 
Apr. 30 6 | 21.9 3 
Monticello, Miss 15 | Apr. 30 4/| 17.9 3 
17 5 5 | 17.0 5 
12 6 13 | 14.4 9 
MISSISSIPPI SYSTEM 
Upper Mississippi Basin 
Chippewa: Durand, Wis. 11 9 11.3 
Wisconsin: Knowlton, Wis-............--- 12 6 8 | 15.7 7 
Missouri Basin 
Solomon: Beloit, Kans..................-- 18 ll 12 | 22.2 12 
Republican: Clay Center, Kans.........- 12 ll 12 | 13.3 ll 
Ohio Basin 
West Fork of White: Anderson, Ind....-- 8 2 6/104 3 
Wasbash: 
11 3 5/| 15.4 
16 3 6 | 18.95 5 
Terre 14 5 8 | 15.1 7 
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Table of flood stages during May 1936—Continued 
[All dates in May unless otherwise specified] 


Above flood 
stages—dates Test 
River and station Flood 
stage 
From— To— | Stage| Date 
MISSISSIPPI SYSTEM—continued 
Arkansas Basin 
North Canadian: Feet 
Arkansas: Lamar, 8 30 9.0 30 
Red Basin 
Crossing, Tex 20 Q 13 | 23.4 10 
N “4 19 0 15 
Lower Mississippi Basin 
Mississippi: Natchez, 46 | Apr. 30 3) 46.1 1-3 
Atchafalaya Basin 
Atchafalaya: Atchafalaya, La............- 22 | Apr. 21 12] 23.1 4-7 
WEST GULF OF MEXICO DRAINAGE 
Trinity: Dallas, Tex ad id 23 29 30; 20.1 2 
Colorado: 
24 29 33.0 25 
26 25 () 36. 6 27 
Guadalupe: 
21 24 () 29.6 25 
Pecos: Fort Sumner, N. Mex_--.....----- 5 23 29 5.9 2 
Rio Grande: 
GA 7 5 8 7.2 8 
18 12 12; 181 12 
GULF OF CALIFORNIA DRAINAGE 
21 5.0 21 
5 26 5.1 26 
30 «) 5.3 31 
Roaring Fork of Colorado: Carbondale, 
PACIFIC SLOPE DRAINAGE 
Columbia Basin 
Clearwater: Kamiah, Idaho.............. aif 
Willamette: Portland, Oreg .............- 18 16 24/| 19.4 18 
Columbia: Vancouver, 15 6 20.0 18 


1 Continued into June. 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, I. R. TANNEBILL in charge) 


NORTH ATLANTIC OCEAN, MAY 1936 
By H. C. Hunter 


Atmospheric pressure.—Pressure was mostly higher than 
normal, especially over the northern British Isles and 
adjacent waters. Of the daily values secured from 
Lerwick, Shetland Islands, only those of the last 2 days 
were lower than the normal for May at that station. 
Over the southwestern part of the ocean, however, the 
pressure averaged less than normal. 

The extremes of pressure found from vessel data are 
30.64 and 29.17 inches. The higher reading was noted 
300 miles to south-southeastward of Nantucket on the 
morning of the 23d, by the British motorship Silverbeech. 
The lower mark was recorded on the British motor tanker 
San Alvaro, at noon of the 14th, when the vessel was 350 
miles west of Valencia, Ireland. Table 1 indicates that 2 
days before the San Alvaro’s reading the pressure at 
Reykjavik, Iceland, was almost a quarter of an inch lower, 
namely 28.94 inches. 


TaBLe 1.— Averages, departures, and extremes of atmospheric pressure 
(sea level) at selected stations for the North Atlantic Ocean and its 


shores, May 1936 


Average; Depar- 
Stations pressure| ture Highest | Date | Lowest) Date 
Inches | Inch | Inches Inches 

Julianehaab, 30.43 |27,28 | 29.22 2,3 
Reykjavik, Iceland..................- 29.96 | +0.04 30. 54 27} 28.94 12 
Lerwick, Shetland 30.17 | +.37 30. 40 20.76 30 
30.06} +.11 30. 37 1] 29.68 5 
Lisbon, 29.96 | —.01| 30.09 |10,28| 19 
30. 04 +. 03 30. 16 17 29. 90 3 
30.24 | +.068 30.43 [16,17 | 29.98 27 
Belle isle, Newfoundland...........- 29.92; +.03 30. 34 4/ 20.54 18 
Halifax, Nova Scotia................- 29.99 | +.02 30. 46 22| 20.50 | 28,29 
30. 01 +.02 30. 59 22; 20.44 28 
sed 30.06 | +.05 30. 50 29.65 23 
30.06 | —.05 30. 28 |21,23 20.78 31 
29.93 | —.07 29. 99 4| 20.84 21,22 
29.94 | —.03 30. 06 29.71 23 
29.99 | +.02 30. 18 22 | 29.65 23 
Notg.—All data based on a. m. observations only, with departures omgeee from 
best available normals related to time of observation, except Hatteras, Key West, Nan- 


tucket, and New Orleans, which are 24-hour corrected means. 
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Cyclones and gales.—There were about as many mapote 
of gales as are usually noted in May, but no well-developed 
storm center is indicated in the parts of the North At- 
lantic which are covered by vessel reports. 

The strongest Gales, including two instances of force 11, 
were encountered about 400 to 700 miles to westward of 
Ireland during the period 11th to 15th. At this time 

ressure was very low over the greater part of the Green- 
d-Iceland area, while it was moderately high over the 
Azores and thence westward toward Bermuda. 

Not so intense, but quite notable for the region of 
occurrence, were the gales met in the waters adjacent to 
Florida and the northern Bahamas from the 19th to 23d. 
During this period lower pressure than normal was in- 
dicated over Cuba and the southern Bahamas, while a 
strong HIGH passed southeastward over the Lake region. 

Somewhat earlier, on the 14th, an intensified trade of 
fresh gale strength was experienced but a short distance 
north of the Panama Canal. 

Fog.—There was no fog reported in any part of the Gulf 
of Mexico nor anywhere in the ocean to southward of the 
thirty-fifth parallel; but in most other areas where fog 
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occurs to an appreciable extent there was a notable in- 
crease in May over the frequency during the preceding 
month, and very often there was much more than nor- 
mally is noted during May. In the 5° square 40° to 45° N., 
45° to 50° W., there were no less than 24 days with fog; 
and to northward and westward of this square, fog oc- 
curred very frequently. 

From the vicinity of Nova Scotia to Chesapeake Bay 
there was much fog during the first half of the month, 
but almost none afterward. During the period from 2d to 
4th the fog led to several accidents in the coastal waters 
from Cape Cod to Delaware Bay, groundings being most 
frequent. The American steamship Angelina, inbound 
to New York, struck an anchored fishing boat, one man 
being killed and four missing. In Nantucket Sound the 
British steamship Canadian Planter sank as the result of 
a collision, but there was no loss of life and the vessel was 
presently refloated. 

Near the British Isles, and to westward and southwest- 
ward as far as the twenty-fifth meridian, fog was noted to 
a moderate extent, but almost wholly during the 8-day 
period from the 4th to 11th, inclusive. 


STORMS, MAY 1936 


Voyage Position at time of Low- | Direc- | Direction | Direc- 
lowest barometer Gale Time of Gale | est tion of | and force | tion of 0D | shifts of wind 
lowest wind | of wind at| wind | and high- 
Vessel ba- | when | timeof | when | est force | time of low- 
8y | “May | | rom-| gale | lowest ba-| gale | of wind | barometer 
From— To— Latitude! Longitude eter began ended 
NORTH ATLANTIC 
OCEAN 
Inches 
Jean Jadot, Belg. 8. 8...) Antwerp....... New York..... 47 40 N.| 37 41 W. 1.... 1 30.04 | WSW..| WSW,7..| WNW.!| W8SW,8.| WSW-WNW 
Maine, Dan. 8. 8-........ Copen 57 30 N.| 22 00 W. 3 | 10a, 2..... 5 |'29.20 | SW... WNW,8 
Quaker City, Am. 8. 8..| Liverpool.....- 51 18 N.| 20 59 W. 4 | Noon, 4.- 7| 2.60; WNW.| WNW, NE....| NW, 10..| W-NW. 
Boston City, Br. 8. 8...) Montreal... 46 37 N.| 62 49 W. 5 | 4p, 6..... 5 | 2.71 | SW....| BW, , SW, 8....| SW-W 
Guatemala.._.-. Amsterdam....| 45 53 N.| 16 05 W. 5 | Ga, 6...-.. 6 | 22.70; NNW .| NNW, 8..| NNW, 9.| No 
Maine, Dan. 8. 8........| Copenhagen...| New York....-. 51 40 N.| 45 30 W. 8 | 4p, 8...-.. 9 }'20.50 W......| W, 8...... WNW./| WSW, WSW-NNW 
Exermont, Am. 8. 8.....| 35 34 N.| 57 40 W. 10 | 8a, 10... 10 | 30.02 | SSE...| SSE, 8.. 8SE...| SSE, 8...) S8E-S. 
American Shipper, Am. | 62 37 N.| 2215 W.| 7a,11.---| 11] 29.52| SW..._| WSW,7..| WNW_| 
Georgia, Dan. 8. 8...... Por tland, | 55 20 N.| 24 38 W. 11 | 9a, 11.... 12 | 20.17 | SSE...| N, 11......| W..... NW, 8SE-SSW-NW. 
Shipper, Am. | Belfast......... New York..... 49 58 N.| 30 34 W. 12 | Noon, 12. 12 | 29.64 | SSW...| SSW, 8...| NW...) SSW, 8..| SSW-NW. 
Volendam, Du. 8. 8.....| Rotterdam.....|....- 48 53.N.| 2010 W.| Mdt.,13.| 29.53] W.....| W,8...... NNW .| W,8..... 8-W-NW. 
Pierre Fr. M.8.. | Nordenham....| Montreal......| 5042 N.| 2608 W.| 13 14....| 15 129.00 | S8SW...| NW, i0...| SW....| NW, ii. 
Santa Maria, Am. 8. Cristobal....... New York...--. 10 06 N.| 79 24 W. 14 | 7a, 14...- 15 | 29.62 | NE... NE....| NE, 8....| None. 
San Alvaro, Br. M. 8...| Ardrossan...... Tampico......-. 51 43 N.| 19 57 W. 12 | Noon, 14. 17 | 29.17 NW...| W, 10....] SW-WNW., 
Europa, Ger. 8. 8.......| Cherbourg. New York..... 249 16 N.| 15 50 W. 14 | 4p, 14.... 15 | 20.58 | SSW...) SW, 6..... NW...| W,8..... 88W-NW. 
Duquesne, Am. 8S. S.....| New Orleans...| Havre.......... 49 10 N.| 12 25 W. 17 | 4p, 19.... 19 | 30.12} N...... NE, 6.....| NE....| NNE, 8..| None. 
Macabi, Pan. 8. 8....... Preston, Cuba.| Boston.......-.-. 25 26 N.| 74 00 W. 20 » 20 | 20.83 | ENE... NNE, 9...| NNE..| NNE, 9..| ENE-NNE- 
Cone Gassouin, Fr. | Baytown, Tex.| New York...--. 26 20 N.| 79 50 W. 21 | 2p, 21...- 23 | 29.85 | NNE..| NNE..... ENE..| ENE, 8..| NNE-ENE. 
Bilderdyk, Du. 8. 8.....| Norfolk........ Corpus Christi.| 27 49 N.| 80 10 W. 21 | 8p, 21... 22 | 20.90 | ENE..| ENE, 7...| ENE..| E, 8..-... None. 
Steel Trader, Am. 8. Cristobal_....../ Boston......... 23 06 N.| 74 24 W. 22 | 7a, 22.... 24 | 20.88 | ENE..| SW, 1..... ENE... ENE, 9.. 
EI Isleo, Am. 8. 8.......| Galveston...... Baltimore...... 224 42 N.| 81 27 W. 23 | Ip, 22.... 23 | 20.86 | E...... NE, 6...| E...... ore NE-E. 
Saccarappa, Am. 8. 8...| Savannah...... Liverpool. ....- 39 50 N.| 55 49 W. 22 | 3p, 24... 25 | 20.72) NW... NNW, NNW.| N.9..... N-NNW. 
Boston City, Br. 8. S...| Montreal. Cardiff......... 151 44 53 08 W. 27 | 2a, 27.... 28 | 20.74 | ESE.../ NNE, 5...| SSE... SE, 
Saccarappa, Am. 8. 8...| Savannah...... Liverpool. ..... 43 27 N.| 41 38 W. 37 | 7p, 27.... 28 | 20.91 | 8....... 
Exoch Am. 8. 8....| New York....- Gibraltar. ..... 39 49 N.| 59 58 W. 28 | Ga, 28.... 28 | 29.32] 8...... | 
Paris, Fr. 8. 8........... | Havre......... New York..... 42 50 N.| 47 30 W. 31 | 8p, 31.... 31 | 20.84 | 8......./ 8, 8....... |, sey 4 ae 
NORTH PACIFIC 
OCEAN 
W. 8. Rheem, Am. 8S. 8.| Yokohama..-.. San Francisco..| 42 25 N.| 168 55 E. 2} lip, 1... 
Saparoea, Du. M. 8..... 45 54 N.| 162 57 W. 3 | 8p, 2.._-- 3| 2.27| WsW,6__| w,9..... 
Maru, Jap. | Los Angeles....| Yokohama.....| 40 40 N.| 132 20 W. 2 5| 20.60) W..... Wy WS8W..| W, 9..... 
Maru, Jap. M. Seattle. 51 59 N.| 147 58 W. 4 | 2p, 5...-- 6 |'29.13 | SW....| SSW, 8...| SW__..| WSW, 
Am. | San Francisco..|..... 47 00 N.| 151 30 W. 3 | Ga, 5..... 7) 20.56 | W..... Wsw..| 8, 9...... 
Athelchief, 34 53 N.| 146 01 E. 7 | 20.40} S....... SW, 9.....| NW...) SW, 0... 
Maru, Jap. | Yokohama.-.-.. San Francisco..| 41 35 N.| 154 08 E. 71 SW, 8....| 8-SW 
Hiye Maru, Jap. M. 8...| Seattle. .......- Yokohama..... 50 41 N.| 176 51 W. 8 | Noon, 8.. 11 29.61 | SE.....| SW, 7...... WNW.| W, 10.... 
Socony-Vacuum, Am. | San 47 57 N.| 178 05 W. 9 | Noon, 11. 11 | 30.08 | Webel. 
Heiyo Maru, Jap. M. S.| Los Angeles....|..... 46 42.N.| 173 15W.| 12] 5p,12....| 29.45] WSW..| WSW,7..| NW...| Wsw,8 
Potter, Am. M. Los Angeles....| 40 17 N.| 142 45 W. 12 | 4a, 13.... 13 | 20.65 NW... 
—, McKinley, Am. | Victoria, B. C..; Yokohama..... 48 32 N.| 168 53 E. 17 | 2p, 17...-. 18 | 2.88 | E...... NNE, &..| NNW.| N, 10. 
Falsterbo, Swed. M. S..| Kobe....-....- Port Alberni...| 33 55 N.| 137 20 E. 19 | Ip, 19...- 19 |'29.61 | ESE...) ESE, 5..../ E...... ESE, 11 
Silverguava, Br. M. 8...| Singapore. San Francisco..|? 19 47 N.| 121 28 E. 20 20 | 20.68 | E...... NE....| NE, 
34 06 N./| 145 54 E. 25 | 10p, 24... 25 | 29.62 | NE.. NE.. NNE. 8 
Falsterbo, Swed. M. 8..| Kobe.......-.- Port Alberni...| 41 07 N.| 159 45 E. 25 | Noon, 25 27 |'20.72| ENE.-| E, 7....... NW... E,9 
Empress of Asia, Br. | Yokohama_-.-- Victoria.......- 38 19 N.| 14423 E.| 2% 23...-| 28| 28.78| NE....| NW, 5....| NW...| NW, 10.. 
Pres. Jackson, Am. 8. 35 18N.| 14200E.} 20.2) BL... NE, 9..... NW...| N, 10..... 
1 Barometer uncorrected. 4 Position approximate. ‘June. 
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NORTH PACIFIC OCEAN, MAY 1936 
By Witus E. Hurp 


Atmospheric pressure.—The pressure distribution was 
abnormal for the season over northern and central North 
Pacific waters during May 1936, and constituted a dis- 
tinct reversal to winter type. The Aleutian Low was 
strongly developed, and at Dutch Harbor the average 
pressure, 29.38 inches, was 0.46 below the normal of 
month. The reading is the lowest of record for May at 
this station. 

The North Pacific anticyclone showed a high degree of 
development in midocean, as indicated by the record high 
average of 30.23 inches for May, at Midway Island. 

In the Far East, pressure anomalies occurred at Naha 
and Chichishima; the average reading at Naha was 0.13 
inch above, and at Chichishima 0.06 below, the normal. 

In other parts of the ocean, near normal average pres- 
sures prevailed. 


TasLe 1.—Averages, departures, and extremes of almospheric pressure 
at sea level, North Pacific Ocean, May 1936, at selected stations 


Depar- 
Stations Average | ture from| Highest | Date | Lowest | Date 
pressure | normal 
Inches Inch Inches Inches 

Point Barrow.........- 29. —0. 16 30. 38 1 29. 58 25 
Duteh Harbor........- 29. 38 —.46 30. 10 8 28. 80 28, 29 
29. 43 30. 04 28. 86 4 
29. 67 -.17 30. 18 28. 70 
29. 94 —. 05 30, 34 10 29. 42 4 
Tatoosh Island......... 30. 02 +. 01 30. 55 6 29. 51 26 
San Francisco......-... 29. 98 —.01 30. 23 6 29. 75 26 
29. 83 —. 02 29. 96 5 29. 76 25, 28 
PEER cnccccubeneus 30. 07 +. 02 30. 15 3 29. 98 9 
Midway Island.......-. 30. 23 +.18 30. 36 6 30. 00 27 
29. 85 —. 08 29. 92 1,31 29.80; 11,13,14 
29.78 +. 01 29. 84 1,2,3 29. 68 15 
> 29. 95 +.13 30. 12 1 29.78 | 14,17,30 
Chichishima........... 29. 85 —. 06 29. 98 6 29. 64 

1 Data missing. 


Note.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 


Cyclones and gales.—Despite the prevailing low pressure 
over the Aleutian region, in conjunction with the steady 
high pressure in middle latitudes to the southward, no 
undue storminess was experienced by steamships tra- 
versing the upper routes. On several days along the 
middle and western parts of these routes pressures fell to 
29 inches or lower, but they were accompanied as a rule by 
fresh gales (force 8) to strong gales (force 9) only. Gales 
of force 10 occurred south of the central and western 
Aleutians on the 11th and 17th, and east of Honshu on 
the 28th. In the gales of the 28th, the British steamer 
Empress of Asia reported the lowest pressure reading, 
28.78 inches, of the month. Ou the 19th, the Swedis 
steamer Falsterbo reported the severest May gale, force 11 
from east-southeast, in connection with a small shallow 
disturbance south of Honshu. 

To the eastward of the one hundred and sixtieth meridi- 
an of west page gales of force 8-9 were reported lo- 
cally on the 4th, 5th, and 12th, and over a larger area on 
the 13th. Those of the 4th and 5th were due to a deep 


May 1936 


cyclone, central over and near the Alaska Peninsula, with 
a southeastward extension to the coast of the United 
States. The fale on the 4th occurred near 41° N., 132° 
W., ae was the closest to the mainland reported for the 
month. 

The gales of the 12th—13th occurred in connection with 
a depression which appeared east of the Hawaiian Islands 
on the 9th and thereafter moved northward toward the 
Gulf of Alaska. The lowest barometer reported in this 
disturbance was 29.09 on the 13th, near 41° N., 136° W. 
This day was also the stormiest, with gales experienced 
by — ships within the region 35°-45°N., and 138°- 
150 é 

Generally quiet weather prevailed in the Tropics. In 
the Far East the only low-latitude gale reported was of 
force 8, barometer 29.68, near the north end of the island 
of Luzon on the 20th. Off the coast of Costa Rica a 
northeaster of force 7 was experienced on the Ist. 

Fog.—As usual in May, fog showed a decided seasonal 
increase in frequency over the western part of the northern 
and central steamship routes. East of Honshu and north- 
west of Midway Island, in two 5° squares it was reported 
on 5 days. From the western Aleutians southwestward 
toward Japan, fog was observed on from 2 to 4 days within 
5° squares. East of 170° E., scattered fog occurred in 
higher latitudes to the American coast. There were 3 
days with fog noted off the Washington and California 
coasts, and 4 off the Peninsula of California. Dense fog 
off Prince of Wales Island, Alaska, caused the temporary 
grounding of the American steamer North Sea on the 14th, 
according to the Maritime Register. 


SMALL TYPHOON IN THE FAR EAST, APRIL 18-22, 1936 
By Bernarp F. Dovcerts, 8. J. 


[Weather Bureau, Manila, P. I.) 


A low-pressure area south of the Western Caroline 
Islands on April 18 and 19 developed into a depression 
April 20, central about 300 miles west by north of the 
Palau Islands. As this disturbance moved rapidly north- 
west, it developed into a small typhoon which entered 
Samar Island during the early morning hours of the 21st; 
at 6 a. m. it was located over the central part of the 
northern coast of that island. Continuing the same 
northwest course, but moving more slowly, it proceeded 
across southern Luzon, and the next day found it shifting 
to the north as it entered the Pacific Ocean, where it dis- 
appeared a short distance east of northern Luzon. 

arometric minima mponee below 750 mm (29.53 
inches) are as follows: Borongon, Samar, 748.26 mm 
(29.458 inches) with west winds force 6. Calbayog, 
Samar, 748.51 mm (29.468 inches) with west-northwest 
winds force 4. Legaspi, Albay, 745.60 mm (29.354 
inches) with west-southwest winds force 5. Naga, Cam- 
arines Sur, 748.31 mm (29.461 inches) with northwest 
winds force 4. Daet, Camarines Norte, 743.39 mm 
(29.268 inches) with northeast winds force 3. The most 
violent winds were of force 8, from the southwest quad- 
rant, and occurred at various stations while the center 
was moving away from the locality. The total loss of 
life was 9; 7 deaths were reported from Camarines Norte, 
and 2 from Samar. 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average a and total rainfall; the stations reporting the highest and Jowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

he mean departures from normal gr eem ng and precipitation are based only on records from stations that 
have 10 or more years of observations. course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, May 1936 
[For description of tables and charts, see Review, January, p. 29] 
Temperature Precipitation 
£ Monthly extremes H Greatest monthly Least monthly 
3 2 
°F.| °F. °F. °F. In. | In. In In. 
73.6 | +2.3 | Florence............| 97 8 | 43} 1.91] —221 7.82 | 2stations............ 0.00 
70.8 | +3.2 | 6 110 | 112] Fort Valley.._...... 22] if] —.18 1.32 | 48 stations...........| .00 
70.9 | +1.8 | 29 | Thornburg.......... 35} 15 || 250] —2.52 7.48 | Mammoth 8 
62.8 | +1.5 112} 25} Ellery ll . 62 4.62 | 39 stations...........| .00 
56.5 | +43) Las 100 4) Silverton............ 12 7), T 
75.7 | +.1] 98} 10| 5 412) +.13 8.56 | Cedar Keys.......... .57 
| 73.3 | +1.7 | 5 stations...........| 100] Blairsville... 35} 31 1.22] —226 4.78 .00 
57.7 | +481 105 | 26| Pelton Ranch_...... —.74 3.13 | 3 T 
67.4 | +4.9} 95| 31 Waukegan.........- 31] 207 | —2.05 5.98 | Du Quoin...........- 
65.8 | +3.6 f 99} 10} Marengo............ 29} 15 || 202] —1.90 4.63 | Vevay............... 6 
66.2 | +6.2 95 | 116 Le 31] 291] —L16 6.63 | Cedar Falls.......... 1.05 
67.7 | +3.9 | 2 stations... 5| 2 || 488 | +168 10. 64 | Smith 1.60 
| 68.3 | +2.9 3 stations... 19) Greensburg......... 35; 4.63 | Middlesboro......... 43 
74.0) +.3 |... do 92} 31 || 5.13] +.50 15.33 | Ruston. ............. 1.44 
64.9 | +2.5 6 18 | 3 stations........._- 27 || 211 | +1.30 5.32 | .81 
58.5 | +4.5 | Morenci............. 92 10 | 2 stations............ 5.30 uskegon........... 
60. 5 Wheat 97} 31] Cloquet 61/252) —. 6.34 | Argyle............... .16 
73.0 | +1.3 | 95} 16] Pontotoc 269] —1.70 1 
68.8 | +4.4 | 5 95 | 117 | 2stations............ $2] 13 252] —225 7.10 | Fredericktown......- 
59.0 | Ballantine........... 104) 2 21 1.07) 3.36 | 2stations............. 
64.2| +5.2| Kearney............ 98 5 9.37 | Lake Minatare....... .33 
59.8 | +4.4| Logandale........... 107 | 112 16} —. 204 | 7 stations............. 
57.6 | +25 | 2stations............ 18 1s] 282} —.50 Fort Fairfield, Mainel 6.51 | Nantucket, Mass.....| . 87 
63.1 | +2.7 | Sussex_.............. 97 278| —.95 Hammonton......... 82 
61.1 | +1.5 | Carlsbad............ 99 5 13} 1/| 178] +.61 7.19 | 3 stations............. 00 
58.9 | +3.0 8 15] 161/270! —.78 6,00 | Brockport...........- 62 
68.7 | +1.9 , 98 | 119 30] 31 || .90| —3.21 5. 2 stations............. 00 
61.0 | +82 New Salem_.........| 100 15 2 | 3. Fort Yates........... 00 
64.1 | +3.6 | 2stations............ 97 10 20] 15 || 1.78 | —1.87 4 Portsmouth No.2....| . 
71.2 | +3.0 | 100; 17 37} —.26 10.96 | McAlester........._. 112 
+3.4 | Pendleton..........- 103 | 2% 19} 2 || 200) +.34 6.81 | 
3 | 3 18 15 || 209) —1.79 5.16 | McKeesport. ......_. 
72.5 | +1.6| Darling 100} 19 36] 31 .48| —3.09 2.19 | 7 
63.3 3 9) 115 1.67| 9.03 | 2stations............. T 
69.9 | +3.1 | 9} 10 31] 31 || 1.31 | —279 3.90 21 
73.5) +.5 105 | 20 10 || 6.52) +288 17.88 | 02 
58.9 | +3.5 | St. 101 | 113 17] .53| —.68 Greet Pasta Expert- 00 
men on. 
Virginia... 66.3 | +22 Mount.......| 97 9 31 || 1.35 | —239| Washington, D.©...| 5.32 T 
Washington... ...... 58.6 | +4.0 | 103} 2% +4 Big Four............ 13.43 | .06 
West 64.1 | +2.4| 100} '7 25} 115 || 1.99 | —1.98| Elkins... 4.30 | New Martinsville.-| .62 
Wisconsin..........- 60.4 | +5.2| 6 92 | 115 | Long Lake.......... 411/270] —.88| 7.2% Island......... 48 
Wyoming. .......... 55.4] +6.0| 99 | 30] Pole Mountain .52) —1.56| 2.90 | 00 
(April) ...... 30.4 | +2.6 | Annex Creek........ 69 % | Barrow............. —36/ 10 || 1.04) —.37 Cove.......... 13. 22 | 3 -00 
71.0} —.8| 90| 31] 47 | 29 || 9.10 | +3.07 | 64.00 | 5 -00 
77.0 | +.3 | Canauanas No. 2....| 95 1 47] 12 ||17. 53 (La | 40.40 
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TaBLe 1.—Climatological data for Weather Bureau stations, May 1936 
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1 Observations taken at airport. 


instruments Precipitation 
5 | | 3 | Fe Maximum | 
i | | | 
= 2 2\2 
Ft. | Ft.| Ft.| In. | In, | In, | °F.) oR.) OF. In. | In. Miles In. | In, 
England 56.8) +2.1 1.82) rc 
Eastport.............| 29. 87| 29. 95|—0. 01] 47.6} —0. 1) #1) 18) 56} 30) 16 4¢ 2.67} 16) 8,199) sw. | 9 1717.1) Tioo 
Greenvillé, Maine...|1,070) 6 28. 78) 20. 93)......| 51, 2}......) 84 22) 16) 40) 5. 12/......] 19) 4,565) se. T) .0 
Portland, Maine.....| 103 117| 29. 29.96, —.01| 55.2) +1.9| 92) 18] 64) 32) 16) 4¢ 1.41] 10 7,312) sw. nw. 17, 11) 3 3900 
Burlington...........] 403) 29. 52) 29. —.01| 57.4) +. 9} 89) 8} 68] 20) 16) 47) 37) 51 58} 2.88 11} 7,651) s. s. 1 14] 1416.7) Ti .o 
876} 12] 29.03] 20.97] . 00] 55.8] +3.0) 89] 69) 23] 16) 43 50} 44] 1.83} —.9| 15] 6,128] s. | 24] sw.| 1 16} 11} 6.7) 
9} 50] 29.95] 29.98) 60.6) +3. 5) 91) 24) 71/34) 16) 50 52) $4] 1.70] —1.5| 8| 8,308] sw.| 34] sw.| 19] 12} 10) 915.0 
12} 14 30.00} 30.01) +.02| 55.0} +2 7| 76] 25] 42) 49 .87| —2. 11, 730) sw. sw. | 17] 14) 9 45) 
26| 11! 46] 29.99) 30.02] +.03] 54.3) +1.5) 72] 24) 60] 40) 16) 48 50 1.18) —2 11,365] sw.| 33] sw.| 17] 14) 12) 5146] 
160] 215| 251] 29.84) 30.01) +. 03] 60.0) +1. 5| 92) 24) 71) 35) 16) 49 1.68} —1. 9, 103 nw. nw.| 20 17| 11) 3} 38] 
156 104! 29,85] 30.02] +. 04] 61.2; +3.7) 91! 9| 72) 37] 16] 50} 2.30) —1. 6, 759) s. nw.! 14) 14! 13) 4141) 
74] 153) 29.92) 30.03) +. 04) 60.5) +26 24) 70; 40) 15) 53) 53 66, 1.58) —2.1 6, 743} s. n. | 1 1 4.3) .0} .0 
64. 3) 2.14) —1. 
| 112| 29.90} 30.00} +.02| 62.1 8} 91 34) 16) 51 2] +1.3] s. | 21) sw.| 12) 9) 3 .0 
— 871| 57 29. 13) 30.06) +. 08] 60.2) O1| 11) 74! 31) 15) 47) 2.36] —1.0| 10/0859) nw. w. | 10; 13/61) 
314| 454) 29.70] 30.03) +. 04) 62.6) 16| 53} 20| 53) 47| 65) —.7| Sil 188] sw. nw.| 20] 16 10] 3.9] 
374| 94] 29.64) 30.04) +.06| 65.5 7 8} 76) 39] 15| 54] 35) 56) 48} 1.60, —1.8| 571) nw. w. | 13) 17) 3.41 .0 
114] 174] 367| 29.94) 30.06] +.07| 65.8 9| 93; 76| 45 56) 32) 50] 1.67; —1.6| sw.| sw. | 13) 17| 11) 34) .0 
323| 283] 306] 29.69] 30.04)_.....] 65.2 7| 91} 76) 40) 15| 55} 31) 58 56) 1.35) —2. O18} nw.| 41) w. | 13) 13) 4.0) .0} .0 
72) 104) 20.18} 30.04) +. 06) 61.8 4) 91; 11) 75; 32) 15) 49 53 5} ik] —1.) 8 sw.| 32) nw. 14, 9 843) .0 
2} 37| 172| 30.00] 30.06] +.06| 60.4| 2] 85| 42| 20] 53] 261 54] 2.47} —.6| 8. nw.| 14] 14] 9 8/47) 
2; 57| 30.01) 61.8 4 70 . 53; 33) 54) 71) 2. 8 420} s. sw. | 18} 16; 10 3.4) .0 
190} 88] 106] 29.84) 30.04) 64.0 9 8| 15) 52] 35; 55) 48) 62) 3.50] +.5| 441i s. 8. 16] 10 38] .0 
123| 100} 215} 29. 92| 30.05} +. 06] 67.8 4| 91} 9| 78) 46 58} 33} 58} 51) 61) 3.18) —. 607) s. ne. | 27 3.4) .0 
— 11 29. 94} 30.06} +. 06) 67. 4 7| 92| 79 15| 56} 34) 57] 50} 59} 5.32) +1. 055) nw. w. 17 1,37] .O .0 
8| 30.05 30.07|......| 66.0 8| 93] 27| 74) 48] 6] 58) 32) 56 44) se. n. | 14] 19} 11) 1) 32) .0 
686 29. 34} 30.08) +. 08) 68. 9 6} 95| 27) 63) 1.93) —24) Oj....| .0 
91 125| 29.98] 30.08} +. 08) 67. 9 7| 27) 78] 52| 23| 58| 32) 54) 67) —2. 5} 6, 882}-se. nw.| 19 41) .0 
144) 11 29. 93] 30.08] +. 09) 68.6 1 9} 43] 15) 56 58} 52) 61) .45) —3. 5, 707) sw. nw. 21 29 .0 
2, 304 30.05} +. 06) 63. 10| 38] 31| 40) 3,953} w. | w. | 13} 17] 11) 
72.1) +1, 1.10) —2, 3. 
2, 253 104| 27.77) 08] +3. 10} 80} 43] 31| 41) 58 1.44) 5,125] 21) sw. | 11) 3.5} .0 
86] 29.25| 08] +3. 7] 93] 26) 85| 50] 15] 60} 30} 60} 51) 51) —3.6| 1) 5,111) ne. w. | 13} 18} 10) 3) 3.2) .0 
886 56| 29.13} 93) 27] 31) 55, 39) 58) 51) 57) .37|......| 6) 5,556, sw.| 21) nw. 18} 1 31) .0 
— 11 .-----| 05) —.4 55} 16] 63) 81] 2.22) —1. 9| 9,137] ne. |} 41] nw.| 30] 17) 8} 6)-...| .0 
376) 103} 29.66] 06) +2 9} 93) 83) 49) 15) 60) 32) 61) 59) 1.13) —2. 6, 277| sw. n. 10} 1) 21) .0 
107| 30.00] 06] —.2| 95) 81) 53] 15) 61) 34) 63) 60} 73| .20) —3. 6, 540) ne. 17] 11) 3} 22) .0 
30.02} +. 9] 80} 62) 23] 66] 29) 66) 64) 75) 1.79] —1. 5| 7,972) e. | 22] 15) 8| 4.3) .0 
34 29. 69| 30. 07| +1.9| 94] 10| 85} 56) 7| 62] 29) 62] 56] —3.0| 1) 4,944) ne. | ne. | 21 31) .0 
— 1,030] +5.9) 94] 28] 85) 54] 31] 61) me. 19] .0 
— 82 29. 85| 30.04) +. 05) 74.6) +2. 2) 96] 10] 86] 58) 7| 63) 32) 64) 58) 62) .92) —21) 4,315) s. 24| ne. | 11) 13) 12 41) .0 
152| 20.98) 30.05) +.05| 74.6] +1. 2) 93) 84) 60 31) 67 1.85} —1. 7,203\ e. | | 22) 15) 7] 
110} 29.99) 30.04) +.04) 74.6) —,4 10) 83} 60) 7 5} 75) 2.38) —1. 6, 137) ne. ne. | 22 5.7) .0 
77.6) +0, 74| 5.06) +0. 
2} 10| 29.92] 29.94] —.03| 78.6] —0.5| 88} 29) 84] 67] 4] 73] 16) 72| 69] 3.51]  .0| 12) 7,463) e. w. | 30) 11] 11] 9] 5.0) .0 
25) 124| 168| 29.94] 29.97) —.02| 77.0) +.6| 88] 5| 82) 66 72| 70| 67 8.05) +1.8| 12] 8,604] ne. | 37| ne. | 23) 11) 11) 5.8) .0} .0 
35| 88] 197| 29.94] 29.98} —.01| 77.2] +.9] 91] 14) 86] 64] 1| 68! 69) 66) 74| 3.61] +.6| 11) 8,864) e. | 21) 13] 15 42) .0 
i 74.2) +1.7 67| 2.47) —1.4 4. 
976] 53] 29.03] 30.03] +. 04 31] 36) 61) 54 32 ne. | 21] 13] 14] 
370] 79} 87] 29.65] 30. 04). +. 05 i 52} 5| 63 63| 56 30 nw.| 3| 18} 7| 6 
49} 58! 29.74] 30.03] +.04 1| 63| 31] 66) 63) 73) 3.66 8} 12) 0 
35] 20.97) 30. 61} 69} 23) 68)....|....| 3.25 0 
Wig _ 56} 149] 185] 29.96} 30.02) +. 03 $2} 5| 68| 20| 67| 64) 76] 6.13 se. | 10) 15) .0 
700} 21) 48} 29.28) 30. +S 52} 4| 63 56] 65 se. | il| 18 
57} 86] 105) 29.95) 30.01] +. 02 59} 66 67| 3.77 19] ne. | 23} 7) 17] 7m -0 
218] 92] 105) 29.79] 30.04) +. 06 60| 5| 66 64| 59) 63) 2.22 19} | 21) 10) 11 10) | 
375} 67| 92) 29.63) 30.02] +. 04 53] 63) 30 50 2.48 s. | 13| 10, Simm 
247] 73) 20.77} 30.02) +. 05 58| 15] 65| 25; 72| 2.70 se. 13) 13 
76] 29.94] 29. 99] +. 02 66} 7| 70| 68] 65| 73| 3.97 | 7) 10mm 
ates 14) 6.79 | 
— 227) 29.74) 30.01 89] 21| 84) 56) 4] 65) 30 50} 69 9| 27| n. 14] 9 
, {2,303} 12] 38] 28.66) 30.01 86| 31] 46) 4] 5 18| sw. 7| 16) 8 
487] 79] 94) 29. 52] 29. 99 91| 31| 53} 4| 62) 33 60 s. 7 10 
357| 94] 102] 29.65] 30.02 86] 24| 81) 53) 15| 63) 20 58} 64 21| se. | 1 13} 9 
605} 136) 148} 29.31] 29. 94 91| 18} 82) 59) 11] 65 35 67| 76 n. | 14] 12 0 
------| 57| 88] 96) 29.83) 29.89 91) 27] 63| 15] 69) 21 69] 39) se. 8| 8 0 
20] 11] 29.90) 29.92 87| 19] 82} 64) 11) 71) 37) 71] 69| 82) 38} | 10) 8} 15) 0 
812} 220) 227) 29. 29. 95 | $9} 82} 10| 66) 65) 61) 72 2 35| mn. | 18} 7| 12) 
Fort Worth.........-| 679] 92| 110] 29, 26| 29. 97 | 90} 5] $3; 59} 9] 65| 8 se. | 7 
Galveston..........-| 54] 106] 114] 29. 90] 29. 96 | 83} 31) 80} 63) 10| 71| 18 82 se. | 24) 12) 8 0 
Houston........--.--| 292] 314] 29.82) 29.97)...._. 88} 4) 81} 60) 10| 67) 34] 5| 1 0 
Palestine. ......--.-.| 64| 72] 29.46| 29.99] +.06| 72.7} .0| 87| 5] 82} 12] 63) 25 78 3 24) nw.| 11} 7} 10) 14] 0 
Port Arthur.........| 58] 66) 29.93| 75. 87| 21| 82} 62| 10) 69} n. | 4] 18) 9 0 
San Antonio.........! 693! 242) 301! 29.201 29.91] +.01! 74.01 —1.1! 90! 18] $2! 58! 11/ 66' 36 64 3| | ne. 16 
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MONTHLY WEATHER REVIEW 
Tasie 1.—Climatological data for Weather Bureau stations, May 1986—Continued 
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Ohio Valley and Ft. | Ft.| Ft.| In. 


|_| 
| > | Precipitation 
4 
| gs 3 Se 
34 
ar 
— 
oF. %| In. 
1 2) 50] 2.06) —1.7) 4 0.0 
62) 55) $7) 1.91) —23) 7 
0 60; 52) 1.41] 4 0 
9 51) 55) 1.09) —2. 4 0 
) 7 35 59 52) 60 159) —2 8 0 
57] 51) 61] 104) 6 0 
) 4| 32) 50} 2.34) —1.2) 10 
) 42) 70) 4.30) +.2) 10 0 
) 38] Gl] 1.46) —-1.9) 7 
6) 1.01; -22) 6 0 
1,70) —1. 
36 78] —2.2) 14 
5| 52) 4 1.83] —1.2| 16 T 
7| 53) 47) 63) 3.05) —.4) 11 T 
9 52] 47| 62) 1.87) —1.1) 14 0 
bi} 1.63] —1.4] 13 0 
31 57} 205) —1.1) 7 
1.26] —1.9) 9 0 
37| 55] 47) 58) 1.57] 8 
54) 60] .97) —2. 7 
3} 34) 48 3.87] +.9) 14 
Bil 37) 47| 7 
6} 1.45} —1.6) 7 
2 +23) 1 
42} 53) 46) 62) 1.73) —1.8) 11 
46) 41 2.76, —.5| 1 
2} 0.65) —1, 
30] 53) 46) 58) 1.22) ~1.7 
41} 51) 4 -2 : q 
gai gol 30) 40; —i.4 “5 
53] 34) 57) 51) 66) 228) —2 
50 52) 2.76) —1. 
) 62} 28) 62 1.72) —2 
) 55, 39 52; 162) 1. 1 
58} 30) 50) 52) 61) 1.88) — 
62} 26) 54] 50) 7 
3. 
60] 288) —1. 
30} GO| 55) ¢ -. 
60) Mi 2.37) 1 
58| 36] 58) 63) 1.95) —2.1 
51 5| 50) 1.87) —1. 
56| 38} 57| 50) 60) 4.35) +.3) 1 
52} 42| 56| 65| 1.09) —1. 
) 
1,10} 
46| 46| 35, 47) .80) —1.4 
47| —.4] 1 
42 57, 2.90! +.5) 1 
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Mar 1936 MONTHLY WEATHER REVIEW 
TaBLe 2.—Data furnished by the Canadian Meteorological Service, May 1936 
Pressure ’ Temperature of the air Precipitation 
‘ Station | Sea level 
mean 
Station sea level, || reduced | reduced Mean Mean Tete! 
Jan. 1, || to mean | tomean| from mean from maxi- | mini- | righest | Lowest || Total from 
19 of 24 of 24 | normal || min.+2| normal | mom normal 
hours hours 
Feet In. In. In. 7, oF. °F. °F. °F. In. In, In. 
Cape Race, Newfoundland. ............ 44.9 34.1 59 26 0.0 
ney, Cape Breton Island... ._...... 48 29. 88 29.93 —0. 04 46.7 +15 57.2 36.3 75 25 4,38 +0. 61 
lifax, Nova 88 29. 71 29. 81 —.17 48.7 +.3 56.7 40.8 78 33 3. 51 —.75 
Yarmouth, Nova Scotia. ..............- 65 29. 85 29. 92 —. 06 48.9 +1.3 56.2 41.7 67 32 1,47 —2.10 Rr 
" Edward Island... 38 29.85 29. 89 —.07 47.3 +.4 55.8 38.8 70 28 5.53 +2. 62 5 
ew Brunswick............. 29. 80 29. 83 —.12 47.3 57.4 37.2 74 26 3. 69 +. 48 2.2 
Father Point, 20 29. 85 29. 87 —. 06 42.5 —L5 49.4 35.5 64 2 3.71 +113 
Quebes, Que 296 29. 56 29. 89 —.05 49.8 -.1 58.2 41.4 78 20 5.16 +2. 08 T 
é 1, 236 42.9 54.7 31.2 82 14 5.1 
Ottawa, Ontario. 236 29. 69 29. 95 +.01 55.8 +.9 66.6 “4.9 89 26 2.38 —.21 .0 
Kingston, Ontario 285 29. 47 29.98 3 53.7 +.8 62.7 “4.7 78 28 2. 04 —.4 .0 
Toronto, Ontario. 379 29. 61 30.01 . 03 58.7 +5.5 70.1 47.3 90 32 .72 —2.32 .0 
Cocbrane, Ontario. 43.0 53.2 32.8 81 18 4.0 
White River, 1,24 28. 67 29. 29 +.04 46.1 +.4 57.9 34.4 78 20 2.79 +. 84 T 
London, Ontario. .. 57.5 69.4 45.6 85 31 .0 
Southampton, Ontario. ................ 656 29. 31 30. 07 53.1 +2.4 42.1 81 28 83 —1 61 .0 
Parry Sound, Ontario. ...............-. 688 29. 30 30.00 £05 53.1 +2.0 64.1 42.2 82 26 1.92 —1.01 an 
Port Arthur, Ontario. 644 |}...-...... 30. 01 . 05 46.8 +.9 57.7 35.9 73 22 2.74 +. 50 .0 
Winnipeg, Manitoba. 760 29.11 29. 93 57.5 +5.9 71,2 43.8 93 2 
we ay Manitob 1,690 28.14 29. 04 —.@ 55.8 +7.4 69.6 41.9 90 26 75 —.70 .0 
Le Pas, Manitob: 860 61.7 37.8 93 22 1.7 
Qu’ Appelie, Saskatchewan. ...... 2,115 27. 64 29. 86 —. 55.4 +5.6 69.8 41.1 24 1.72 +.07 .0 
Moose Jaw, Saskatchewan.............. 1, 759 72.0 4.9 97 32 
Swift Current, Saskatchewan......-..-- 2, 392 27. 29. 82 —.10 59.8 +9.1 73.9 45.7 97 33 1, 21 —. 55 0 
Medicine Hat, Alberta. ...............- 2, 365 27.39 29.84 —.05 61.6 +7.5 75.3 48.0 97 38 83 —.48 .0 
Calgary, Alberta... .......... Stauinnieaine 3, 540 26. 26 29. 89 +.01 55.8 +6.8 69.3 42.4 88 28 2.16 +.39 T 
Prince Albert, Saskatchewan........... 1, 450 2.38 29. 94 —-.01 56.1 +8.5 69.0 43.3 96 30 . 67 —. .0 
Battleford, Saskatchewan. ............- 1, 592 28.16 29. 88 —. 04 58.7 +7.7 73.0 44.5 101 32 45 -Li7 .0 
Kamloops, British Columbia........... 1, 262 23. 62 29. 89 00 62.6 +3.5 76.3 48.9 99 38 La +.04 .0 
Victoria, British Columbia. ...........- 230 29. 75 30. 00 00 54.6 +2.1 61.4 47.9 74 42 1.68 +.2 .0 
Estevan Point, British Columbia....... 20 51.5 56.3 46.7 61 38 SY eae .0 
Prince Rupert, British Columbia.......| 170 47.8 55.4 40.2 71 32 OG Lasseccntet .0 


SEVERE LOCAL STORMS, MAY 1936 


{Compiled by Mary O. 


that occurred during the month. A revised list of tornadoes will appear in the Annual 
Report of the Chief of Bureau 


[The table herewith contains such data as have been received concerning severe 


yards | life 


: Width of| Loss| Value of 
Place Date Time path, of aw 


Character of storm 


Remarks 


Eskridge, Kans., 8 miles north. 1/2a.m 
12:14 p. m 1 


1 
County, Okla..... 1 | 2:40-5:10 1\%-3 
p. mi. 


6:45 p. m.. 440 3 
10 p. m.... 12 


12:45 p. m. 2, 640 2 


25, 000 


82-3 


Havre, Mont., vicinity of. ..... 
5:20p.m-..} 50-100 0 


Mont., 2 miles south... 
est Bend, W: Wis., and vicinity. 


ern portion. 


Ramsom, Kans................| 7i4p.m 


barn and several smal! farm buildings blown down; path 1% miles 


Streets and flooded; some 4 by lightning. 
Storm ~ ran through Enid and Waukomis; estimated aap in former 
ruined, broken, damaged and crops, 


property damage $35,000; 
Roofs damaged. 
Property damaged. 


lage Ghani of was recorded; hail fell in the northwest 
d northern section of Detroit pte over lakee St. Clair; in Detroit 
few were but flower gardens were ruined; 
heavy hail +> along Lake St. Clair, and 3 boys injured by 
hail. A i of the storm cut southeastward and struck over the 
Windsor, Ontario, section, with considerable damage, several roots blow- 
ing off; trees and telephone poles down. 2 men drowned when their 
boat capsized in the Detroit River near Trenton, Mich. 

2 houses and 7 outbuildings destroyed; = accompanied the — over an 
area 44 to 2 miles wide and nearly 40 miles long, covering the ground 
with an average depth of 4 inches. 

Man seriously inj ; loss to crops; many roofs damaged. 


phot ome two-thirds of fruit on trees lost. 


Barn 

on smal] buildings wrecked; path short. 

2.51 inches in 24% hours recorded; heaviest rainfall in Washington County 
since the disastrous flood of 1924; heavy damage to roads; roofs of barns 
blown off and hayrack demolished; many thousand dollars’ loss to newly 
seeded fields; some so severely rutted that replanting will be necessary. 

A cones ‘accom panied by one of the most violent electrical storms in 
recent ooded roads over a wide area causing severe washouts along 
the Mi Ske road; many communication and power lines out of com- 
mission because of lightning. All creeks in the Corning, Scott and Pine 
River sections swollen; bridges and culverts flooded and tracks at numer- 
ous points washed out; passengers, mail and express were transferred from 
Wausau to Merrill by ‘automobile and truck. All available section work- 

pidge poy to repair damage and restore service as soon as possible. One 
side of the South Foster street bridge collapsed under the rush of water 
which swept over the street to the north for about 2 blocks. 

Small buildings damaged; trees broken off. 


ae 

; 

“4 
- $1,000 | Wind.............| Large 

40,000 | Tornado.......... 1omes completely destroyed loss to crops $5,000; 
path 2 miles long. 
Knox City, Tex. .............- q 
roit, Mich. ...............- Thundersquall 
Sapello (near), N. Mex.......- 0 |............| Tornado and hail. 

Chamberino to La Union | 
(near) N. Mex. 
00 | 

200 | Tornado.......... 

Lincoln County, Wis., south- Sain, Glee 4 
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SEVERE LOCAL STORMS, MAY 1936—Continued 


Place Deo | dau Remarks 


Garden City to Kalvesta 7 | Sp. m..... 100 $1, 500 | Small tornado..... Originated 5 miles southeast of Garden City and ended near Kalvesta. 
(near), Kans. Several funnel clouds seen near sat of ore “4 Chief damage to small 
buildings none mang City; path 30 miles lo: 
1,000 | Damage only to 1 farm 
5 ee 33 0 800 | Small! tornado.....| Sev: cuthaiidings. chicken houses and garage blown over; some damag 
to larger buildings; path 2 miles long 
Atoka, Okla., 7 miles north- 8 | 4:10 p. m_- 100 o $25,000 | Tornado.......... 1 person injured; large country home. built of native rock, completely de- 
1 


Gretna (near), Kans..........- 
Ransom, Kans 


> molished. 

ve, Hanna, Okla. .-..-..... tipocoes . 40,000 | Tornado and rain_| 29 persons injured, 4 seriously; 15 homes destroyed and 5damaged. While 
Hann 2 local physicians worked over the injured, 2 ambulances from Eufaula 
io were floated twice across flooded _ Creek to remove the seriously in- 
ee ured to a hospital] at Henryetta. Farmers, busy removing livestock from 
i Ne ; rns in the creek bottom, deserted their interests to help the ambulances 


across. 
7,000 | Tornado. .._-...-- 2 persons injured; 12 houses and a church badly damaged. 
15, 000 }....- SRE S48 5 persons injured; property d 
15, 000 }...-.- do_............| 12 persons injured; several homes and outbuildings in the southern portion 
of town wrecked; path several miles long. 
100-foot steel bridge wrecked; path 8 miles long. 
do. 6 persons injured, family of ured 
houses and the south edge of town 


< 

2 

Of 

Pei 

8 
oo 


20, 000 |..... 20 persons 10 miles long. 


Pursley, Tex 
Horatio, Ark., 3 miles south- 9 | 2p.m..... 880 
150 


east. 
Ozan, Ark., 244 miles east... do Property damaged 
Southern Colorado and north- 7 ES eee § Blizzard 11 to 24 inches of snow in 12 hours recorded; snowdrifts, from 3 to 5 feet 


ern New M deep; 150 motorists, including 45 passengers in 2 transcontinental buses 
entra on top of Raton Pass; telephone poles and trees down. Trini- 
org dad, Colo., and outlying sections isolated 
Marion, 8. C., vicinity of...... 8) 1,500 | Thundersquall....| Damage confined mostly to roofs and chimneys. 
tetcy, Texas, eastern portion......... | SR ee 6 975,000 | Tornadoes, heavy Of s ruined, in some areas fruit was stripped from trees; much livestock 
rain and hail. killed or crippled. At least 20 bridges destroyed and railroad schedules 
ae 4 interrupted because of track damage. Twisters struck near Lindale, 
me He Corsicana, Bonham, and Omaha. eaviest rain at +> Tex., 7 inches 
ze having fallen by noon; soaking rains reported from view, A 
Marshall, Clar ville, Omaha, Enn 
va surrounding areas. Heavy hail ed crops and — Aan in the 
Uk vicinity of Waco, where apenas an es d bed as large as hen eggs. 
i The tornado that struck the Tyler area was first reported at Mount 
ot ts Sylvan about midnight where several smal] houses and barns were 
destroyed and trees uprooted; 2 miles east of Lindale a 7-room house 
: was blown 30 feet from its foundation. At Omaha, 2 persons were in- 
i jured when their new home was demolished and they were blown across 
ete the highway and found lying on 4 of a neighbor’s roof. In Athens, 
\ Tex., railway traffic was halted on 1 line and many bridges and culverts 
tt e, washed out; streets damaged and heavy losses sustained by farmers in 
ex one of the heaviest rains in the history of Henderson County. Traffic 
was halted on many country roads and activity in the Cayuga oil field 
area was held up after a large steel bridge between the field and 
ans been washed out. 
Milwaukee, Wis............... 10 «| Electrical. ........ ats: Paces struck by lightning; an electrical transformer put out of com- 
iri mission, disrupting service in its vicinity. Roof of a church and a 
chimney of a residence struck by 
City, EKans., 2 miles 32 | 0 Small tornado..._. Whirling cloud did not reach the ground; no damage reported. 


ae ee 11 | 12:05 p. m. 15 5,500 | Hail Loss to $5,000; pi y damage $500. 
Minneola (near), Kans.......- 11 | 5p. = Small tornado..... Whirling did not the ground; no d 


Randolph and Counties, 55,000 | Wind and hail....| Several houses and barns destroyed by wind in 
Fix Ark, ‘ County; property damage $5,000; loss to crops from hail $50 
Essex, Mo., and vicinity...... 12 |... 75, 000 Heavy wind and | Loss to co tton, corn, and gardens by hail, $50,000; property 7 comes from 


. 
Silverhill Gems), 13 ‘ 6,000 | Heavy hail........ 
Portland. Oreg...............-. 13 Thundersquall.._- Cightatag and caused damage to electric wires: trees blown down; 
c interru’ 
Ar uke PEC County, Wis., 16 | Midnight. 325 0 30,000 | Tornado.......... Destruction confined to 2 areas each from 2 to 3 miles in Hale and 
we northern portion. himney Rock; 6 barns ents destroyed and 6 damaged; 
Omsha, Nebr 17 | 3:08-4 110 0,000 | Wind, hail, and | Storm. extren or dem { its kind ever experienced, 
rm, extremely severe and one of t worst 0 ever ex 
; . rain. extended from the Municipal Airport westward beyond Fort Omaha and 
northwestward to Florence. The storm area stretched out with less 
j severity as far west as Irvington and to the north of Florence; 60-mile 
onic vind and excessive hail and precipitation recorded; several houses blown 
ba Sa off their foundations, one totally destroyed. Number of roofs blown 
Eatin . off or badly damaged; trees uprooted. No funnel-sha cloud positively 
Seen. A major feature of the storm was a freshet in the hill district west 
and north of Fort Omaha, which sent a wall of water through the Fort 
carrying enormous quantities of hail and debris with it. Parks, streets, 
basements, first floors of residences, and stores were flooded; 6,000 claims 
for insurance filed. 
Cottonwood, Iowa..........-. 17 | 5p. m..... 1,000 | Electrical. .......- Small railroad station destroyed after being struck by ligh' 
—— County, Kans., northern 17 | 9:30 p. m-. 11 15,000 | Heavy hail........ Hail oe S| = the following day; wheat, oats, and ruined; 
pa m: 


Junction City, Kans., vicinity 17 | 10:30 p. m- 13 20, 000 do Loss to crops, path 4 4 miles long. 


Connell Bluffs, Davenport, Wind, rain, and | Indian Creek, scene of a flood-control pro in Counci 
Clinton, Iowa. hail. suffered unestimated damage; 2.26 inches of fell. wee 
. heavy trees and debris down the channel destroying ironwork Ja as 
a base for the concrete in construction work; all 6 of the temporary dams 
in the creek were carried away. More than 1,000 panes of glass in 1 
reenhouse broken and 275 homes without telephone service. Clinton, 
ows, across the State from Council Bluffs, described this storm as — 
3 worst in recent years; in the residential district the street lighting s 
we was out of commission; traffic interrupted and many trees uproo' 
yt : Davenport, rain measured 0.74 inch and no serious damage re ; 
several minor automobile accidents due to blinding some windows 
; ' broken and ————— service disrupted for an hour. 
Daviess, fae. on 17 os Hail Several thousand dollars damage to windows and roofs; loss to crops. 
and 
Donough 


Milledgeville (near), [ll_....... 17 6,000 | Wind............. 
aa LaFayette, Green, and Rock 7 PF at a Sot and smaller buildings damaged or wrecked by wind to the 
iy Counties, Wis. extent of $20,000; roperty damage from hail S LaFayette, Green, Rock,’ 
Milwaukee, and ounties $55,000; crop loss 
Dickinson County, Kans., 18 | 1s. m..... 1,000 | Heavy hail_......-. Path of 5 miles long; details. 
northern portion. 
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SEVERE LOCAL STORMS, MAY 1936—Continued 
Width of | Loss| Value of 
Place Date Time path, of Character of storm Remarks 
yards | life yed 
Hillsborough, N. J..........-- 18 | 7:30 p. m..|.........- © hcevcenseses Desnebe. 120s A farmer observed, from a window in his house, a freak tornado which lifted 
his barn containing & mowing machine, 2 wagons, several plows, a hay- 
rack, and 8 chickens, 50 feet in the air and drop it, as flat as — 
100 yards from its foundation. Other farm build ings were not 
An automobile, parked as close as possible to the barn to protect it —— 
the rain, was untouched; 8 fruit trees near the uprooted. This 
tornado streaked directly across the Huff farm and disappeared as sud- 
denly as it came, no other farm in this district being affected. 
La G Wappingers Loss to apple crop. 
wal Wind and hail. _..} Several shade trees and electric transmission lines blown down. 
. m. 
19 4:40 2 A waterspout, after passing over the Hudson River, took on tornadic char- 
acter in north Troy. Roofs were torn from 2 sheds of an ice plant, 1 roof 
being found across the dyke on Green Island, about 500 feet away. Res- 
idents who saw the tornado said that low-hanging clouds from the north- 
west seemed to meet over the south end of the city. aaa there 
funnel-shaped cloud moving fast toward the east 
Germantown, N. 19 to fruit crop 
19 Thunderstorm. Lightning struck ‘a steam boiler in a sawmiil consing an explosion, instantly 
killing 1 man and seriously injuring 4 others. 
Wagner, 8. Dak............... > 2h) oe eee ene 500 | Wind, electrical, | Storm started during the evening of the os ‘and after 2.75 inches of rain 
rain. feli, subsided until 2:30 p. m., of the 22d when it rained again, bringing the 
amount to 5.56 inches by 6 p. m. The recently completed earth and stone 
dam at Lake Wagner broke, tearing a 50-foot hole at the dee Dest “~ 
the lake where the dam is 30 feet thick and 25 feet high. 
several brooder houses und small garace destroyed; much crop loss 
farmers must replant corn as the were washed out or Coveed may 
mud. Path narrow. 
Sioux City, Iowa. _.. 22 | 9a. m..... 1 understorm. . .. of © and 7 others 
Charles Clty, Iowa..... Thundersquall_...| Shade trees and poles blown down, minor damage to buildings. 
Dodge City, Kans, 6 miles| 2p.m..... Tornado and dust. 
east. 
Turner 15 5 = 440 000 | Tornado. .........| 4 distinct funnels observed about 5 4 south of Parker; several 
small demolished; trees uprooted; path 10 miles long. 
Frankfort, Kans., 5 miles west 22 | 4p. m..... of buildings blown down; net not estimated: path 
yards long 
Wambles, Dak., vicinity of.. = 13 Several smail buildings windmills destroyed. 
5,350 | Wind and rain....| Property ; loss to livestock. 
Sioux Falls, 8S. Dak., vicinity Heavy rain........| Some fields inundated replanting of crops. 
of. 
pene, Wiiiiccoccscostnwes 22 |. ae a Heavy hail........| Depth of hail on the ground measured from 1 to 4 inches. In a southerly 
— ates pei jon, this storm, ek & path 2 miles wide into Colorado. 
Saninp # and Jefferson Coun- 96 | 980 Pit... 1...cccccce]e-s--- 6,000 | Wind and hail....| Loss to crops $6,000; property chickens and young livestock killed. 
Orleans, Ind., 3 miles north- 150, 000 |..... Crop loss; trees; trees in 2 large apple orchards stripped. 
. m.. 17 0 200 | Tornado.......... first asa over east Pensacola Bay; funnel-shaped 
o | Re ly defined and of k grey color, was attended by light rain 
pa ight roaring sound; the debris and trees were mostly ina 
Park Heavy hail. le 
N. Mex...... 5: m.. 000 | Heavy hail........ to cherry and apple crop. 
Holly, ‘xcessive rain $a resuit of heavy Gownpours in extreme lower Arkansas ver Va ° 
occurred in the Arkansas River from the vicinity of Lanrar 
thet persons were drowned; $397,500 damage to highways, 
000 to matured crops; $50,000 to prospective crops, 
invoh ving and 1,000 livestock loss. the 
Socorro, N. Mex...........-..- 1 Wind. Roof of porch torn down and piece of metal roofing struck a man 
neck causing instant death. 
LATE REPORT APRIL 1936 
Cheyenne Coun Kans., 3:30 p. m.. 5 000 | Heavy hail........ Hailstones drifted to depth of 10 feet in places and not melted after several 
— bad days; too early for much crop loss. 
| Miles instead of yards. 
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